The Effect of Rest During a Selected Progressive Resistance Exercise on the Acquisition of Strength and Muscular Endurance. by Edgar, Harold Stanley
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1969
The Effect of Rest During a Selected Progressive
Resistance Exercise on the Acquisition of Strength
and Muscular Endurance.
Harold Stanley Edgar
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Edgar, Harold Stanley, "The Effect of Rest During a Selected Progressive Resistance Exercise on the Acquisition of Strength and
Muscular Endurance." (1969). LSU Historical Dissertations and Theses. 1655.
https://digitalcommons.lsu.edu/gradschool_disstheses/1655
This dissertation has been 
microfilmed exactly as received 70-9055
EDGAR, Harold Stanley, 1929- 
THE EFFECT OF REST DURING A SELECTED 
PROGRESSIVE RESISTANCE EXERCISE ON THE 
ACQUISITION OF STRENGTH AND MUSCULAR 
ENDURANCE.
The Louisiana State University and Agricultural and 
Mechanical College, Ed.D., 1969 
Education, physical
University Microfilms, Inc., Ann Arbor, Michigan
THE EFFECT OF REST DURING A SELECTED PROGRESSIVE 
RESISTANCE EXERCISE ON THE ACQUISITION 
OF STRENGTH AND MUSCULAR ENDURANCE
A Dissertation
Submitted to the Graduate Faculty of the 
Louisiana State University and 
Agricultural and Mechanical College 
in partial fulfillment of the 
requirements for the degree of 
Doctor of Education
in
The Department of Health, Physical 
and Recreation Education
by
Harold Stanley Edgar
B.S., University of Southern Mississippi, 1956 
M.A., University of Southern Mississippi, 1957 
August, 1969
Dedicated to my wife Virginia, 
my daughter Kim, and my son Stan
ii
ACKNOWLEDGEMENTS
The author wishes to express appreciation to his major pro­
fessor, Dr. Ralph E. Steben, for his most helpful assistance in con­
ducting this study.
Special recognition is extended to the Physical Education 
faculty and students of Texas Technological College in Lubbock, Texas, 
for their effort and cooperation.
Also, special recognition is extended to Mrs. T. C. . Porter for 
her untiring effort in the typing of this study.
This research was partially supported by THEMIS Contract No. 
DAAD05-69-C-0102, between the U.S. Department of Defense and Texas 
Technological College, R. A. Dudek, Project Manager. The contents do 
not necessarily reflect the official opinion or policy of the Depart­
ment of Defense or the Department of the Army. Reproduction is auth­
orized for any purpose of the U.S. Government.
iii
TABLE OF CONTENTS
Page
ACKNOWLEDGEMENTS....................................... ....... ill
LIST OF TABLES................................................  x
ABSTRACT .................................................  xiii
Chapter
I. INTRODUCTION............................................  1
Purpose of the Study..........................   2
Hypotheses............................................  2
Basic Assumptions..................................... 2
Definition of Terms................................... 3
Delimitations.........................................  5
Limitations...........................................  6
Need for the Study....................................  7
Organization of the Remainder of the Thesis..........  8
II. REVIEW OF RELATED LITERATURE............................ 9
Studies Related to Strength Testing................... 10
Studies Related to Isotonic Strength Training......... 13
Studies Related to Muscular Endurance Testing........  25
Studies Related to Isotonic Muscular Endurance
Training............................................  27
Conclusion..........    36
iv
VTABLE OF CONTENTS (continued)
Chapter Page
III. PROCEDURE FOR THE STUDY............................ ... 37
Analysis of First Sub-Problem.......................  37
Data Required................    37
Sources of Data....................................  37
Rest Periods..............................    38
Placement of Rest Periods....................    38
Selection of Subjects.............................. 39
Number of Sets..................................... 39
Number of Repetitions Per Set.....................  39
Number and Length of Training Days................  40
Description of Equipment..........................  41
Orientation Period................................. 42
Testing Periods.................................... 42
Training Programs.................................. 43
Group 1.. S-l-SS  .............................  44
Group 2. SS-l-S...................................  44
Group 3. S-l-S-l-S................   44
Group 4. S-5-1/2-SS.................     44
Group 5. SS-5-1/2-S...............................  45
Group 6. S-5-1/2-S-5-1/2-S......   45
Group 7. S-10-SS.........................   45
Group 8. SS-10-S...............................  45
Group 9. S-10-S-10-S..............................  45
vi
TABLE OF CONTENTS (continued)
Chapter Page
Analysis of Data........................................  46
Analysis of Second Sub-Problem...........................  47
Data Required...........................................  47
Sources of Data.........................................  47
Testing Periods.........................................  48
Training Programs.......................................  49
Analysis of Data........................................  50
Pilot Study...............................................  51
IV. PRESENTATION AND ANALYSIS OF DATA........................... 53
Introduction..............................................  53
Analysis of Strength Data............................   54
Comparison of Initial and Ten Week Strength Test
Scores................................................  55
Comparison of Initial and Five Week Strength Test
Scores................................................  55
Comparison of Five Week and Ten Week
Strength Test Scores.........................   60
Analysis of Covariance for Strength at the End
of Five Weeks Training................................ 60
Analysis of Covariance for Strength at the End
of Ten Weeks Training................................. 64
Analysis of Muscular Endurance Data.........  64
vii
TABLE OF CONTENTS (continued)
Chapter Page
Comparison of Initial and Ten Week
Muscular Endurance Test Scores.................  66
Comparison of Initial and Five Week
Muscular Endurance Test Scores.................  66
Comparison of Five Week and Ten Week Muscular
Endurance Test Scores........................... 71
Analysis of Covariance for Muscular Endurance
at the End of Five Weeks Training..............  74
Analysis of Covariance for Muscular Endurance at
the End of Ten Weeks Training..................  76
Discussion of Analysis.............................. 76
V. SUMMARY, FINDINGS, CONCLUSIONS AND RECOMMENDATIONS  80
Summary.............................................  80
Findings.....................   82
Conclusions............................   84
Recommendations.....................................  85
SELECTED BIBLIOGRAPHY.......................................  86
APPENDICES..................................................  91
A. Subject's Personal Data Sheet.........................  92
B. Age, Height, Weight, Class, Initial, Five and Ten
Week Strength and Muscular Endurance Scores For
Group I (S-l-SS).................................... 93
viii
TABLE OF CONTENTS (continued)
Chapter Page
C. Age, Height, Weight, Class, Initial, Five and
Ten Week Strength and Muscular Endurance
Scores for Group II (SS-l-S)............................ 94
D. Age, Height, Weight, Class, Initial, Five and Ten
Week Strength and Muscular Endurance Scores
for Group III (S-l-S-l-S)............................... 95
E. Age, Height, Weight, Class, Initial, Five and Ten
Week Strength and Muscular Endurance Scores
for Group IV (S-5-1/2-SS)............................... 96
F. Age, Height, Weight, Class, Initial, Five and Ten
Week Strength and Muscular Endurance Scores
for Group V (SS-5-1/2-S)................................ 97
G. Age, Height, Weight, Class, Initial, Five and Ten
Week Strength and Muscular Endurance Scores
for Group VI (S-5-1/2-S-5-1/2-S).......................  98
H. Age, Height, Weight, Class, Initial, Five and Ten
Week Strength and Muscular Endurance Scores
for Group VII (S-10-SS)................................. 99
I. Age, Height, Weight, Class, Initial, Five and Ten
Week Strength and Muscular Endurance Scores
for Group VIII (SS-10-S)...............................  100
J. Age, Height, Weight, Class, Initial, Five and Ten 
Week Strength and Muscular Endurance Scores
for Group IX (S-10-S-10-S).............................  101
ix
TABLE OF CONTENTS (continued)
Chapter Page
K. Initial, Five and Ten Week Mean Strength 
and Muscular Endurance Scores for the 
Three Rest Periods and the Three
Rest Intervals........................... .......... 102
VITA.....................................................  103
LIST OF TABLES
Table Page
I. Method and Instrumentation Used in the
Assessment of Local Muscular Endurance................  26
II. Significance of Mean Gains at the End of Ten
Weeks of Training for the 108 College Men in 
the Nine Experimental Groups Performing the
Tests for Strength in the Supine Press.................  56
III. Significance of Mean Gains at the End of Ten Weeks
of Training in Accordance With Length and Place­
ment of the Rest Periods of the 108 College Men 
in the Nine Experimental Groups Performing the 
Tests for Strength in the Supine Press.................  57
IV. Significance of Mean Gains at the End of Five
Weeks of Training For the 108 College Men in 
the Nine Experimental Groups Performing the
Tests for Strength in the Supine Press.................  58
V. Significance of Mean Gains at the End of Five Weeks
of Training in Accordance With Length and Place­
ment of the Rest Periods of the 108 College Men 
in the Nine Experimental Groups Performing the 
Tests for Strength in the Supine Press................. 59
VI. Significance of Mean Gains Between Five and Ten 
Weeks of Training for the 108 College Men in 
the Nine Experimental Groups Performing the
Tests for Strength in the Supine Press................. 61
VII. Significance of Mean Gains Between Five and Ten 
Weeks of Training in Accordance With Length 
and Placement of the Rest Periods of the 108 
College Men in the Nine Experimental Groups 
Performing the Tests for Strength in the
Supine Press...........................................  62
VIII. Analysis of Covariance on Strength Gains Made in the 
Supine Press by 108 College Men in the Nine Experi­
mental Groups After Five Weeks of Training............  63
x
xi
LIST OF TABLES (continued)
Table Page
IX. Analysis of Covariance on Strength Gains Made in the 
Supine Press by 108 College Men in the Nine Experi­
mental Groups After Ten Weeks of Training.............  65
X. Significance of Mean Gains at the End of Ten Weeks
of Training for the 108 College Men in the Nine
Experimental Groups Performing the Tests for
Muscular Endurance in the Supine Press................  67
XI. Significance of Mean Gains at the End of Ten Weeks 
of Training in Accordance With Length and Place­
ment of the Rest Periods of the 108 College Men in 
the Nine Experimental Groups Performing the Tests 
for Muscular Endurance in the Supine Press............  68
XII. Significance of the Mean Gains at the End of
Five Weeks Training for the 108 College Men
in the Nine Experimental Groups Performing the
Tests for Muscular Endurance in the Supine
Press..................................................  69
XIII. Significance of Mean Gains at the End of Five Weeks 
of Training in Accordance With Length and Place­
ment of the Rest Periods of the 108 College Men 
in the Nine Experimental Groups Performing the 
Tests for Muscular Endurance in the Supine Press.......  70
XIV. Significance of Mean Gains Between Five and Ten
Weeks of Training for the 108 College Men in the
Nine Experimental Groups Performing the Tests
for Muscular Endurance in the Supine Press............ 72
XV. Significance of Mean Gains Between Five and Ten 
Weeks of Training in Accordance With Length 
and Placement of the Rest Periods of the 108 
College Men in the Nine Experimental Groups Perform­
ing the Tests for Muscular Endurance in the
Supine Press .......     73
XVI. Analysis of Covariance on Muscular Endurance Gains 
Made in the Supine Press by 108 College Men 
in the Nine Experimental Groups after Five
Weeks of Training...................................... 75
xii
LIST OF TABLES (continued)
Table Page
XVII. Analysis of Covariance on Muscular Endurance
Gains Made in the Supine Press by 108 College 
Men in the Nine Experimental Groups after Ten 
Weeks of Training................................. 77
ABSTRACT
It was the purpose of this study to determine the short and 
long term effects of varying the length and placement of rest periods 
during training sessions over a ten week period using a selected 
progressive resistance exercise on the acquisition of strength and 
muscular endurance.
The subjects for this study were 108 male volunteers with no 
previous weight training experience and were randomly divided into 
nine training groups of twelve each. All groups performed three sets, 
10-RM each set, of the supine press, two days a week. The difference 
in the training programs was the length and/or placement of rest 
between sets. The rest periods were either one, five-and-one-half or 
ten minutes. The placement of the rest periods was at the end of the 
first set only (S-R-SS), at the end of the second set only (SS-R-S), 
or at the end of the first and second sets (S-R-S-R-S).
All subjects were tested for strength and muscular endurance 
initially and at the end of five and ten weeks of training. The test 
for strength was the maximum load each subject could lift one time 
and the test for muscular endurance was the number of repetitions, 
thirty per minute, each subject was able to perform with a load equal 
to one half his initial maximum lift.
xiii
The findings of this study were as follows:
1. All nine groups made significant strength and mus­
cular endurance gains at or above the .05 level 
between initial and five and between initial and 
ten weeks of training.
2. When the groups were combined in accordance with 
the length or the placement of the rest periods, all 
showed significant strength and muscular endurance 
gains at the .01 level between initial and five, 
initial and ten, and between the fifth and tenth 
week of training.
3. When the groups were compared, no significant 
strength or muscular endurance differences were 
found among groups due to the length and/or place­
ment of the rest periods in the training program. 
Also, no interaction was found.
4. Groups training with: (1) a one minute rest placed
at any of the three rest intervals (S-l-SS, SS-l-S, 
S-l-S-l-S); or (2) a five-and-one-half minute rest 
placed at the end of the first set only (S-5-1/2-SS) 
or (3) a ten minute rest placed at the end of the 
first and second sets (S-10-S-10-S) made significant 
muscular endurance gains at or above the .05 level 
between five and ten weeks of training.
XV
The findings from the data provided by this study warrant 
the following conclusions:
1. Significant gains in strength and muscular endur­
ance were realized by performing three sets of a 
progressive resistance exercise regardless of the 
length or placement of the rest periods.
2. After five and ten weeks of a ten week training 
program, no apparent advantage of one training program 
over another took place by varying the length and/or 
placement of the rest period on the acquisition of 
strength and muscular endurance.
CHAPTER I
INTRODUCTION
The functional efficiency of the human organism depends upon 
many factors. Two of these factors are strength and muscular endur­
ance. Developing or maintaining both factors are necessary for 
effective participation in athletics and in extensive rehabilitation 
programs for persons weakened by injury or disease. As a result of 
this need, considerable emphasis has been placed on finding the most 
effective method to use for improving strength and muscular endurance 
through progressive resistance exercises.
Progressive resistance exercise is the scientific training 
principle of increasing the load or resistance against which the mus­
cles work as strength and muscular endurance increase. This method of 
training has been employed extensively in modern times. Factors which 
have been considered in progressive resistance exercise training pro­
grams have dealt with the number of sets, the number of repetitions, 
the amount of resistance, the number of training days and different 
combinations of these variables for optimum strength and muscular 
endurance improvement. Up to the present time, however, no studies 
have compared the effects of varying the length and placement of a rest 
period between sets on strength and muscular endurance improvement.
1
2I. PURPOSE OF THE STUDY
The purpose of this study was to determine the short and 
long term effects of varying the length and placement of rest 
periods on the acquisition of strength and muscular endurance in a 
program of progressive resistance exercises.
II. HYPOTHESES
The hypotheses tested in this study were:
Hypothesis 1. The mean strength gains would be significantly
greater when the length of the rest period between 
sets was increased.
Hypothesis 2. The mean muscular endurance gains would be significantly 
greater when the length of the rest period between sets 
was decreased.
Hypothesis 3. Significantly different mean strength and/or muscular 
endurance gains would occur when the sequence of the 
rest periods between sets was changed.
III. BASIC ASSUMPTIONS
It was assumed that the Universal Gym weight training machine 
provided a credible device for obtaining the strength and muscular 
endurance data.
It was assumed that the training tape recorded cadence was a 
valid technique for keeping the rate of the lifts standard for all 
subjects.
3It was assumed that those subjects performing sets without a 
rest period between them were performing two sets and not one extra 
long set.
It was assumed that the subjects used in this study were 
equally motivated in performing their respective training programs.
It was-assumed that the subjects used in this study had no 
previous weight training experience and did not participate in any 
extracurricular weight training activity which might have influenced 
the results of their training programs.
IV. DEFINITION OF TERMS
Progressive Resistance Exercise (PRE). For the purpose of 
this study, progressive resistance exercise was defined as "a form of 
exercise which systematically increases or decreases the exercise 
demand."^
Repetition. For the purpose of this study, repetition was 
defined as "one complete cycle of the supine press, or moving the load 
through the available range of motion and returning it to the original 
position.
Repetitions Maximum (RM). For the purpose of this study, 
repetitions maximum was defined as "the maximum load that can be raised
4. H. Hettinger and E. A. Mueller, "Muskelleistung and Muskel- 
training," Arbeitsphysiologie, XV (1953), pp. 111-126.
^Richard A. Berger, "The Effect of Varied Weight Training Pro­
grams on Strength and Endurance," (Unpublished Doctoral dissertation, 
University of Illinois, Urbana, 1960), pp. 1-2.
rhythmically through the available range of motion a specified number
3
of times, but no more."
Set. For the purpose of this study, a set was defined as
"ten successive rhythmic repetitions of the supine press."4
1-RM. For the purpose of this study, 1-RM was defined as
"the maximum load that could be raised through the available range of
motion one time but no more."'*
1/2-of-l-KM. For the purpose of this study, 1/2 of 1-RM was
defined as "a load amounting to fifty per cent of the initial 1-RM load
and was raised rhythmically through the available range of motion for
6a specified number of times."
10-RM. For the purpose of this study, 10-RM was defined as 
"the maximum load that could be raised rhythmically through the avail­
able range of motion ten times but no more."^
Supine or Bench Press. For the purpose of this study, supine 
or bench press was defined as a lift performed with the subject lying 
on his back on a bench with the knees bent and feet flat on the floor. 
The bar was grasped shoulder width apart with the hands in a pronated 
grip, palms facing upward. The bar and weights were raised vertically 
until the arms were fully extended, then lowered to the chest-rest 
position.
3Ibid. 4Ibid. 5Ibid. 6Ibid.
^Gene A. Logan, Adaptions of Muscular Activity (Belmont,
California: Wadsworth Publishing Company, 1965), p. 170.
5Rest Period. For the purpose of this study, a rest period 
was defiried as a one minute, a five-and-one-half minute, or a ten 
minute length of rest between sets.
Rest Interval. For the purpose of this study, a rest inter­
val was defined as a sequence of rest between sets.
S-R-SS. For the purpose of this study, S-R-SS, was defined
as a set, a rest period, a set, followed immediately by a set.
SS-R-S. For the purpose of this study, SS-R-S was defined
as a set, followed immediately by a set, a rest period, and a set.
S-R-S-R-S. For the purpose of this study, S-R-S-R-S was 
defined as a set, a rest period, a set, a rest period, and a set.
V. DELIMITATIONS
This study was not concerned with: the number of repetitions
required to produce maximum strength and muscular endurance gains; 
the number of sets required to produce maximum strength and muscular 
endurance gains; determining the difference between training programs 
that have been conducted previously and the training programs as used 
in this study; nor the determination of cardiovascular endurance.
VI. LIMITATIONS
This study was limited to 108 male subjects enrolled in the 
introduction to Physical Education service classes at Texas Technolo­
gical College, Lubbock, Texas.
This study was also limited to the use of one exercise, the 
supine press, in training and testing for strength and muscular 
endurance.
This study was limited to a ten week, two days per week, 
training program.
Determining the amount of weight necessary for each subject 
to be able to perform no less and no more than ten repetitions per 
set was a limitation because of the difficulty of controlling such 
activity. Due to individual differences it was impossible to attain 
exactly ten repetitions every set, every training session.
VII. NEED FOR THE STUDY
Studies using progressive resistance exercise training have 
indicated that both strength and muscular endurance gains are possible.
g
Davis and Logan reported that:
Often in strength and muscular endurance training, the only 
concern seemed to be how much resistance a subject could 
overcome. Infrequently, investigators considered other fac­
tors which might be of equal importance.
One such factor which might be of importance is the length 
and placement of rest periods during one progressive resistance exer­
cise training period. A rest or recovery period between weight
g
Elwood C. Davis and Gene A. Logan, Biophysical Values of 
Muscular Activity (Dubuque, Iowa: W. C. Brown Company, 1961), p.
116.
training days to enable the body to recuperate from induced work has
9
been shown to be of value to the performer.
Berger indicated in a personal interview that there was a need 
in the area of isotonic strength training programs to determine the 
effects of various rest periods between sets on the development of 
strength and muscular endurance.
Some studies have reported the length of the rest period taken 
between each set. However, the concern was not how the length of the 
rest period affected the results. Such studies follow in the review 
of related literature. No study has been reported concerning the 
effect the length and/or placement of rest periods between sets of a 
progressive resistance exercise has on the acquisition of strength and 
muscular endurance.
It was felt that a careful investigation of the effect of the 
length and placement of rest periods between sets of a progressive 
resistance exercise on the acquisition of strength and muscular endur­
ance would extend the knowledge already available in the progressive 
resistance exercise training area. Such research would be of value to 
those individuals interested in developing an effective progressive 
resistance exercise program for the development of strength and/or 
muscular endurance.
9
Richard A. Berger, "Application of Research Findings in Pro­
gressive Resistance Exercise to Physical Therapy," Journal of Associa­
tion For Physical and Mental Rehabilitation, 16:200-203, 1962.
10
Personal Interview with Dr. Richard A. Berger, June 17, 1968.
8VIII. ORGANIZATION OF THE REMAINDER OF THE THESIS
The remainder of this dissertation was organized to acquaint 
the reader with the related work in the progressive resistance exer­
cise area that has been done before, to describe the methods and 
training programs as used in the study, to present an analysis of the 
data gathered and a summary, conclusions, and recommendations based 
on the analyzed data.
CHAPTER II
REVIEW OF RELATED LITERATURE
Muscular strength and endurance training has long been of 
interest to many individuals. Physical educators, researchers, physi­
cians, and physical therapists have experimented with many different 
training programs in order to determine the best way in the shortest 
period of time to develop strength and/or muscular endurance. One 
such training program is the progressive resistance exercise program. 
This program basically involves increasing the resistance as the 
individual gains muscular strength and/or muscular endurance.
Research studies in progressive resistance exercise training 
programs have differed in number of sets, number of repetitions per­
formed per set, the proportion of maximum strength per set, the number 
of training days, the length of the training periods and various com­
binations of these variables.
A review of the extensive literature concerning strength and 
muscular endurance training using progressive resistance exercise 
was presented in the following manner: (1) Studies Related to
Strength Testing; (2) Studies Related to Isotonic Strength Training; 
(3) Studies Related to Muscular Endurance Testing; (4) Studies 
Related to Isotonic Muscular Endurance Training; and (5) Studies 
Related to Interval Training.
I. STUDIES RELATED TO STRENGTH TESTING
10
Man has been measuring his strength for many years. As early
as 500 B.C., Milo of Crotona was testing the amount of strength he
possessed as he lifted a calf every day until the calf reached full
maturity.^" Since that time there have been various items and devices
used to measure the strength of man. According to the historical
2
account of measuring strength by Hunsicker and Donnelly, the first
person to use an instrument known as a dynamometer was an Englishman
named Graham. The forerunner of the spring dynamometer in use today
3
was developed in 1807 by Renier. Sargent initiated strength testing
4
at Harvard in 1880. Since then many refinements and additions to 
strength testing devices have been completed.
The following are a list of test items or devices that have 
been used to test for strength:
Push ups Ergograph
^Norman Gardiner, Athletes of the Ancient World (London: 
Oxford Press, 1930), p. 54.
2
Paul A. Hunsicker and Richard J. Donnelly, "Instrument to 
Measure Strength," Research Quarterly, 26:408-420, 1955.
3
H. Harrison Clarke, Muscular Strength and Endurance in Man 
(Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1966), p. 3.
4
H. Harrison Clarke, Application of Measurement to Health and 
Physical Education (Englewood Cliffs, New Jersey: Prentice-Hall,
Inc., 1967), p. 144.
^John F. Bovard, Fredrick W. Cozens, and E. Patricia Hagman, 
Tests and Measurement in Physical Education (Philadelphia: W. B.
Saunders Company, 1950), p. 126.
11
Sit ups Tennometer8
Pull ups or chins Cable tensiometer^
g
Dips Manuometer or hand dynamometer
9
Medicine ball push Back and leg dynamometer
Rope climb Wakim-Porter strain guage^^
Barbells and ^
weights Newman Myometer
These items or devices have been incorporated into many
strength tests. Some of the strength tests in which one or more of
the items or devices are used include:
12
1. McCloy Strength Test
13
2. Roger's Strength Test
14
3. Cable-Tension Tests
Mary A. Heintz, "An Inexpensive Device for Testing Back 
Strength of College Women," Research Quarterly, 33:638, 1962.
7
Donald K. Mathews, Measurement in Physical Education (Phila­
delphia: W. B. Saunders Company, 1968), p. 64.
8Ibid. 9Ibid., pp. 69-70.
Harrison Clarke, Muscular Strength and Endurance in Man,
op. cit., p. 10.
13Tbid.
12C. H. McCloy and Norma Young, Test and Measurements in Health 
and Physical Education, 3rd Ed. (New York: Appleton-Century-Crofts,
Inc., 1954), pp. 19-37.
13Fredrick R. Rogers, Physical Capacity Tests (New York:
A. S. Barnes and Company, 1931), pp. 9-28.
^Clarke, op. cit., pp. 17-51.
12
4. Bookwalter's Strength Test‘d
165. Cozen's Muscular Strength Test
6. Progressive Resistance Exercise^
18
7. Wendler Strength Index
8. Scott Push and Pull Tests'^
9. Oregon Simplification of the Strength and Physical
Fitness Indices for Upper Elementary, Junior High,
20and Senior High Boys
10. Muscular Strength Test for Boys in Grades 4, 5, and
Karl W. Bookwalter, "Test Manual for Indiana University 
Motor Fitness Indices for High School and College-Age Men," Research 
Quarterly, 14:356-365, 1943.
16Fredrick Cozens, "Strength Tests as Measures of General 
Athletic Ability in College Men," Research Quarterly, 11:45, 1940.
■^DeLorme and Watkins, loc. cit.
18
Arthur J. Wendler, "An Analytical Study of Strength Tests 
Using the Universal Dynamometer," Supplement to The Research Quar­
terly, 6:81, 1935.
19Gladys Scott and Esther French, Measurement and Evaluation 
in Physical Education (Dubuque, Iowa: W. C. Brown Company, 1959),
pp. 288-306.
20H. Harrison Clarke and G. H. Carter, "Oregon Simplification 
of the Strength and Physical Fitness Indices for Upper Elementary, 
Junior High, and Senior High School Boys," Research Quarterly, 30:3, 
1959.
21H. Harrison Clarke and Theodore G. Schopf, "Construction 
of a Muscular Strength Test for Boys in Grades 4, 5, and 6," Research 
Quarterly, 33:515, 1962.
13
22
11. Clarke Strength Test for Orthopedic Disabilities
12. Carpenter Weighted Strength Test for Elementary School 
Children2"^
13. PFI Test24
14. Strength Index^
II. STUDIES RELATED TO ISOTONIC STRENGTH TRAINING
Strength results from the specific adaptation of the body to
26imposed demands. This is known as the overload principle. More- 
27
house and Miller defined overload "as a heavy work load in which the
28oxygen intake is inadequate to meet the requirements." Logan stated, 
"the overload principle is the application of increasing demands or 
overload beyond those levels of activity previously attained."
22H. Harrison Clarke, Cable Tension Strength Tests (Chicopee, 
Massachusetts: Brown-Murphy Company, 1951), pp. 189-190.
23
Aileen Carpenter, "Strength Testing in the First Three 
Grades," Research Quarterly, 7:85, 1936.
24
H. Harrison Clarke, Application of Measurement to Health 
and Physical Education, op. cit., pp. 145-170.
25Donald K. Mathews, Measurement in Physical Education, op. 
cit., p. 65.
26Thomas L. DeLorme, "Restoration of Muscle Power by Heavy 
Resistance Exercises," Journal of Bone and Joint Surgery, 27:607-630, 
1947.
27Laurence E. Morehouse and Augustus T. Miller, Physiology of 
Exercise (St. Louis: The C. V. Mosby Company, 1963), p. 303.
28Gene A. Logan, Adaptations of Muscular Activity (Belmont, 
California: Wadsworth Publishing Company, Inc., 1965), p. 169.
14
In order to overload the muscle for the development of
strength certain training or work periods must be used. Davis and 
2QLogan 7 reported that:
Lockhart has identified four ways in which overload can be 
accomplished: (1) gradually increase the speed of perform­
ance in a progressive manner; (2) gradually increase the total 
load; (3) progressively increase the total time that a given 
position can be held; and (4) with a constant resistance, pro­
gressively increase the total number of performances.
One training method that has been widely used and has been
the basis for many comparisons is the DeLorme system.
This system consists of determining the maximum resistance 
which can be overcome for ten repetitions. Usually, three 
sets of exercise of ten repetitions are performed when exer­
cising. The first set consists of one-half maximum resistance, 
the second set three-fourths maximum resistance, and the third 
set the maximum resistance which can be performed.^®
31Barney and Bangerter compared the DeLorme system with two 
variations of the DeLorme system to determine if one method was sig­
nificantly better than the others for developing strength. The first 
variation that was used involved the 10-RM for each of three sets.
The second variation was, 10-RM for the first set, the same load was 
used for the second set and performed for as many repetitions as pos­
sible. For the third set the subjects performed a repetition and
90
^Elwood C. Davis and Gene A. Logan, Biophysical Values of 
Muscular Activity (Dubuque, Iowa: W. C. Brown and Company, 1961), 
p. 65.
on
JUThomas L. DeLorme and Arthur L. Watkins, Progressive Resis­
tance Exercise (New York: Appleton-Century-Crofts, Inc., 1951), p. 28.
^Vermon S. Barney and Blauer L. Bangerter, "Comparison of 
Three Progressive Resistance Exercises," Research Quarterly. 32:138- 
146, 1961.
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after each repetition five pounds of weight were added until the sub­
ject could not successfully complete a repetition. A one-half to one 
minute rest period was used between sets in all programs. All three 
programs improved' strength, however, no program was significantly
better than the others for strength improvement.
32HealyJ conducted a study on five spastic type cerebral palsy 
subjects for eight weeks. He compared the DeLorme system with a pro­
gram using 2/3 of 1-RM extension exercises and when the lower leg 
reached full extension, it was held for six seconds. Each subject was 
involved in both programs, one program with one leg and one program 
with the other. For the DeLorme system, a three minute rest period 
was used between sets. Healy found no difference in strength improve­
ment between the two programs even though each program increased leg 
strength approximately sixty per cent. He concluded, however, that 
the results might have been influenced by the use of both legs of the 
subjects and the dominant leg might have had an effect on the results. 
He also concluded that the results might not have been attributed 
solely to the programs.
The DeLorme system and a variation of DeLorme's system of
33weight training for strength improvement were compared by Henry. J 
The variation of the DeLorme system employed the use of the 10-RM for
^Alfred Healy, "Two Methods of Weight Training for Children 
with Spastic Type of Cerebral Palsy," Research Quarterly. 29:389-395, 
1958.
33C . G. Henry, "A Comparison of the Effectiveness of Two 
Methods for the Development of Muscular Strength," (Unpublished Mas­
ter's thesis, State University of Iowa, Iowa City, 1949), p. 29.
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the first set, 10-RM for the second set with as many repetitions as 
possible, and three-fourths of 20-RM with as many repetitions as 
possible for the third set. The rest periods used in both programs 
were three minutes between each set. After an eight week training 
program, both methods significantly improved strength, but no difference 
was found to exist between methods in strength improvement.
A modified DeLorme system and a modified Oxford system of 
weight training for strength improvement were compared by McMorris 
and Elkins.^ The Oxford system of training usually consists of per­
forming ten repetitions each set for three sets with a 10-RM load the 
first set, three-fourths of the 10-RM load the second set and one-half 
of the 10-RM load the third set. The right triceps brachii muscle was 
trained by six subjects in each of two groups. All subjects trained 
five days weekly for twelve weeks. The modified DeLorme system of 
training was followed by one group and consisted of the first set per­
formed with one-fourth the 10-RM, the second set with one-half the 10-RM, 
the third set with three-fourths the 10-RM, and the last set with the 
10-RM. Four sets were also required for the modified Oxford system, 
but the order was reversed from the DeLorme system, Both groups showed 
a significant improvement in strength but the difference was not 
significant.
■^R. 0. McMorris and E. C. Elkins, "A Study of Production and 
Evaluation of Muscle Hypertrophy," Archives of Physical Medicine. 
35:420-426, 1954.
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Berger compared two methods of training to determine whether 
training maximally each training session was more effective for 
increasing strength than training with sub-maximal loads. He used 
twenty-eight male college students. They were tested for 1-RM on the 
bench press lift before and after twelve weeks. During this interim 
two methods were used. One method of training involved the 10-RM for 
one set, each of three weekly training sessions. The second method 
involved performing ten repetitions with ninety percent of the 10-RM 
twice and the 10-RM once a week. No significant difference was found
between the two methods in strength improvement.
36
McCraw and Burnham studied the effects of three selected 
training methods on the development of strength and endurance. The 
methods used involved speed contractions wherein the muscles were con­
tracted rapidly using very light weights or against resistance pro­
vided by the body itself. No significant differences were found 
between the various programs. McCraw and Burnham did not specify any 
particular amount of time in which the speed contractions were to be 
completed, and as was stated previously, very light weights were used 
in the speed exercises.
The differential effects of three programs of weight training
37were investigated by McGovern and Luscombe. The subjects were
35Richard A. Berger, "Comparison Between Resistance Load and 
Strength Improvement," Research Quarterly, 33:637, 1963.
36
Lynn W. McCraw and Stan Burnham, "Resistive Exercises in 
the Development of Muscular Strength and Endurance," Research Quar­
terly, 37:79-88, 1966.
37
R. E. McGovern and H. B. Luscombe, "Useful Modification of 
Progressive Resistance Exercise Technique," Archives of Physical 
Medicine, 34:475-477, 1953.
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divided into three groups with five subjects in each group. The 
groups trained five times weekly for three weeks. One group performed 
five repetitions with one-half the 10-RM for the first set and the 
10-RM for the second set. The second group performed the first set 
with the 10-RM, the second set with three-fourths of the 10-RM for ten 
repetitions, and one-half the 10-RM for ten repetitions for the last 
set. The third group trained with one-half the 10-RM for ten repeti­
tions for the first set; three-fourths the 10-RM for ten repetitions
for the second set; and the 10-RM for the third set. No significant
differences in strength improvement were found between the three 
training programs.
Nine different weight training programs were compared by Ber-
38ger to determine which were more effective for increasing strength. 
Variations in training between the groups involved one, two, and three 
sets with two, six, and ten repetitions per set. Training involved 
three weekly sessions for a twelve week period. The results indicated 
that training with three sets was significantly more effective for 
increasing strength than training with one or two sets. Training with
six repetitions per set for three sets was more effective for increas­
ing strength than training with two repetitions or ten repetitions for 
three sets.
39Berger compared the improvement in strength among three 
groups, each of which followed a different weight training program. One
■^Richard A. Berger, "Effect of Varied Weight Training Programs 
on Strength," Research Quarterly, 33:168-181, 1962.
39
Richard A. Berger, "The Effects of Varied Weight Training 
Programs on Strength and Endurance" (Unpublished Doctoral Disserta­
tion, University of Illinois, Urbana, 1960), pp. 68-72.
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group performed two repetitions per set (2-RM), another group six 
repetitions per set (6-RM), and the third group ten repetitions per 
set (10-RM). The exercise used in training was knee extension and all 
groups performed three sets each training session. The training period 
lasted for five weeks and training occurred three times weekly. The 
four subjects in each group were tested before and after training for 
static and dynamic strength. Static strength was measured with the 
tensiometer and dynamic strength with the 1-RM. There were no signif­
icant differences in static or dynamic strength improvement between
groups at the completion of the training.
40
Berger compared several weight training programs to determine 
the optimum number of repetitions with which to train for quickest 
strength improvement. Nine groups, consisting of a total of 199 male 
college students, were tested before and after twelve weeks of pro­
gressive resistance exercise. Each group trained differently in repe­
titions per set. Resistances employed were 2-RM, 4-RM, 6-RM, 8-RM,
10-RM, and 12-RM for one set. The optimum number of repetitions for
strength improvement was found to be between 3-RM and 9-RM.
41Berger compared three different weight training programs for
the development of strength. Three groups totaling 48 college students 
were trained with progressive resistance exercises for a period of nine 
weeks, three times weekly. Each group used a different method of
^Richard A. Berger, "Optimum Repetitions for the Development 
of Strength," Research Quarterly, 33:334-338, 1962.
^Richard A. Berger, "Comparative Effects of Three Weight 
Training Programs," Research Quarterly, 34:396-398, 1963.
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training. The investigator assumed that training with heavy loads 
did not result in sufficient number of repetitions being performed to 
stimulate optimum strength improvement. Conversely, training with 
lighter loads for more repetitions did not permit sufficient effort 
for each repetition to result in optimum strength improvement. To 
examine these assumptions, the amount of strength improvement result­
ing from a weight training program involving the 5-RM followed imme­
diately by five more repetitions with eighty per cent of the 5-KM was 
determined and compared to strength improvement resulting from train­
ing with the 2-RM and 10-RM. The 5-RM plus eighty per cent of the 
5-RM for five more repetitions required maximum or near maximum effort 
for each repetition, yet the number of repetitions was high. No sig­
nificant differences in strength improvement between the three methods 
of weight training were noted.
42
A study was done by Berger to determine the optimum propor­
tion of the 1-RM to be used in an effective weight training program. 
Seventy-nine male subjects, divided into three groups, trained twice 
weekly with 66, 80, or 90 per cent of the 1-RM, plus one weekly effort 
with the 1-RM. A fourth group trained three times weekly with the 
1-RM; a fifth group, with 66 per cent of the 1-RM three times weekly; 
a sixth group, with the 1-RM only once weekly; and the seventh group 
acted as a control. The criterion used in this study was the 1-RM 
deep knee bend. Results showed that training with 66 per cent of the
^Richard A. Berger, "Comparison of the Effect of Various 
Weight Training Loads on Strength," Research Quarterly, 36:141-146, 
1965.
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1-RM for one set, three times weekly, will not increase strength in
six weeks. However, training with 66 per cent of the 1-RM, twice
weekly, and the 1-RM once weekly did improve strength significantly.
43Seventy subj ects were used by Krusen to determine the 
effects of two different programs of weight training on weakened quad­
riceps muscles of poliomyelitis patients. The forty-four subjects in 
the experimental group performed knee extension exercises for three 
sets of five repetitions twice daily. Fifteen repetitions were per­
formed in the morning and fifteen in the evening, five times per week. 
The 5-RM and 1-RM were determined once a week as a basis for the fol­
lowing week’s exercise level. Two groups were formed from the experi­
mental group. Group I trained with twenty-five per cent of the 5-RM 
for the first set, fifty per cent of the 5-RM the second set, and 
seventy-five per cent of the 5-RM the last set. The subjects in this 
group trained from three to twenty-three weeks (averaged ten weeks). 
Group II trained with three sets. The 5-RM was used the first set, 
one hundred twenty-five per cent of the 5-RM for the second set, and 
one hundred fifty per cent of the 5-RM for the last set. The 
subjects attempted to raise the load as high as possible when full 
movements could not be performed for all repetitions. The subjects 
in this group trained from three to nineteen weeks (averaged 9.7 weeks). 
A control group was also used in the study. The control group 
followed a program of uncontrolled and unsupervised exercises.
^E. M. Krusen, "Functional Improvement Produced by Resistive 
Exercise of Quadriceps Muscles Affected by Poliomyelitis," Archives 
of Physical Medicine and Rehabilitation, 30:271-277, 1949.
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Both experimental groups surpassed the control group in strength 
improvement, but the results between the two experimental groups were 
not significantly different.
Capen^ conducted a study using four different programs of 
heavy resistance exercise on strength development. The programs used 
were (1) 8-15-RM for one set, (2) 8-15-RM, one set and 5-RM for one 
set, (3) 5-RM for three sets, and (4) 1-RM for three sets. All sub­
jects used a three minute rest period between sets when more than one 
set was performed. After a twelve week training period, Capen con­
cluded that the 5-RM for three sets training program was the best for 
developing strength.
Harris^ determined whether weight training at a slow, moder­
ate, or fast rate would result in different improvement in strength 
and endurance. Three groups of male college students, consisting of 
twenty-three in each group, trained with a different weight training 
program for eight weeks. One group performed four repetitions, a 
second group, eight to ten repetitions, and a third group, eighteen to 
twenty repetitions within a time interval of twenty-five seconds. 
Subjects were tested at the beginning and conclusion of eight weeks of 
training for a maximum 1-RM bench press and endurance. Endurance was 
measured by the number of repetitions performed with one-half the 
1-RM bench press strength. All groups made significant improvement
^Edward K. Capen, "A Study of Four Programs of Heavy Resistance 
Exercises for Development of Muscular Strength," Research Quarterly,
27.132—142, 1956.
45 ..Michael W. Harris, "Comparison of Three Different Methods of
Weight Training on Strength and Endurance," (Unpublished Master's 
thesis, Texas Technological College, Lubbock, 1965), pp. 30-31.
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in strength and endurance as verified by the b-test for small 
correlated groups. The analysis of covariance indicated that 
there were no significant differences in improvement between the 
groups in strength and endurance.
Berger did a study to determine whether weight training for 
two days weekly was as effective for increasing strength as training 
three times weekly among the students who had little previous experi­
ence in weight training. Forty-eight male college students were 
tested to determine the 1-RM bench press before and after a twelve week 
training program. Half the subjects trained on Tuesday and Thursday 
and half the subjects trained on Monday, Wednesday and Friday. Each 
group performed the bench press lift for three sets of ten repetitions 
using the 10-RM load. The analysis of covariance test indicated that 
no significant difference existed between the two groups in strength 
improvement.
As is evidenced by the literature there have been many differ­
ent strength training methods utilized.
Berger^ examined the research studies in strength training 
and concluded the following:
1. Training with submaximal loads as low as two-thirds 
of maximum strength twice weekly, and maximal loads 
once weekly would result in as much strength improve­
ment as training maximally three times weekly.
^Richard A. Berger, "Application of Research Findings in Pro­
gressive Resistance Exercise to Physical Therapy," Journal of Associa­
tion for Physical and Mental Rehabilitation. 16:200-203, 191T2.
^Richard A. Berger, "Application of Research Findings in 
Strength to Athletic Training," (Lubbock, Texas: Texas Technological
College, 1966), pp. 7-8. (Unpublished mimeographed study.)
Training with submaximal loads of two-thirds of maxi­
mum for one set, three times weekly, would not sig­
nificantly increase strength.
The increase in strength resulting from a training 
program of one set with two-thirds of the 1-RM, twice 
weekly, and the 1-RM once weekly, was felt to be 
primarily due to training with the 1-RM.
When training three times weekly for one set , the 
load with which to train for optimum improvement in 
strength was between the 3-RM and the 9-RM program. 
Training with the 2-RM for six sets, three times 
weekly, was as effective for increasing strength as 
training with the 6-RM for three sets, three times 
weekly.
Training with the 6-RM for three sets, three times 
weekly, was more effective for increasing strength 
than training with either the 2-RM or 10-RM for three 
sets, three times weekly.
Beginning weight lifters training once weekly with 
the 1-RM for one set would increase strength signif­
icantly after the first week of training and each 
week up to at least the sixth week.
Weight training with the 10-RM for three sets, twice 
weekly, was just as effective for increasing strength 
as training the same way three times weekly.
25
9. No particular sequence of performance in training 
with different proportions of 10-RM maximum strength 
would be more effective than any other sequence for 
strength improvement as long as one set of 10-RM was 
performed each training session.
From these studies and conclusions, it was evident that some­
thing other than the amount of weight, the number of repetitions, the 
number of sets, the number of training days, or various combinations 
of these factors influenced strength gains. This writer believed that 
the amount and/or placement of rest between sets was a factor that 
deserved further consideration.
III. STUDIES RELATED TO MUSCULAR ENDURANCE TESTING
Testing items or devices which have been used to conduct iso­
tonic muscular endurance tests are ergographs, tensiometers, hand dyna­
mometers or manuometers, back and leg dynamometers, repetitions using 
dips on parallel bars, and repetitions using weights.
One specific test of muscular strength and muscular endurance
48is the Physical Fitness Index. Rather than present a written account 
of other methods of testing, studies and the method used in the assess­
ment of isotonic muscular endurance are presented in Table I.
^Ibid., pp. 145-168.
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TABLE I
METHOD AND INSTRUMENTATION USED IN THE ASSESSMENT 
OF LOCAL MUSCULAR ENDURANCE
Name
Type of 
Contraction
Number of 
Trials
Method Used 
For Test
• No. and Type 
Subject
49Berger, R. Isotonic 30 per min. No. of repeti­
tions performed 
using 1/2 of 
1-RM
125 male 
undergrad.
Clarke, D.50 Isotonic every two 
seconds for 
6 minutes
Spring loaded 
hand ergograph
30 male 
undergrad.
Grose51 Isotonic every two 
seconds for 
6 minutes
Dynamometer 12 male 
undergrad.
52
Harris Isotonic 30 per 
minute
No. of repeti­
tions performed 
using 1/2 of 
1-RM
69 male 
undergrad.
Karpovich55 Isotonic 
1/3 max.
sixty per 
minute to 
exhaustion
Ergometer 20 male 
Inmates 
10 male 
Students
49
Richard A. Berger, "The Effect of Varied Weight Training 
Programs on Strength and Endurance," op. cit.
5%avid Clarke, "Strength Recovery From Static and Dynamic 
Muscular Fatigue," Research Quarterly, 33:349-355, 1962.
51Joel E. Grose, "Depression of Muscle Fatigue Curves by Heat 
and Cold," Research Quarterly, 29:19-31, 1958.
52
Michael W. Harris, loc. cit.
53Peter V. Karpovich, "Study of Endurance of Various Muscle 
Groups," Research Quarterly, 35:393, 1964.
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Studies using the ergographs are reported in the chapter, 
"Ergographic Isotonic Muscular Endurance" in Clarke's*^ book. This 
chapter discusses the origin and development of the ergograph, the dif­
ferent types of ergographs, and studies which have been conducted on the 
ergographs under various conditions. The various conditions included 
the loads for effective ergograph testing, the load and cadence for 
optimum work output, and the conditioning effects of ergographic exer­
cise.
IV. STUDIES RELATED TO ISOTONIC 
MUSCULAR ENDURANCE TRAINING
Most of the research concerning muscular endurance develop­
ment using progressive resistance exercise has been conducted to deter­
mine, as with strength, the number of sets, number of training days, 
number of repetitions, or amount of resistance which will best develop
muscular endurance.
55Capen in his study with one group in a weight training pro­
gram used a weight that could be lifted for one set a maximum of eight 
times. The subject used this weight until he could do fifteen repeti­
tions, at which time he again selected a weight that only allowed 
eight repetitions. A second group was involved in a general condi­
tioning program consisting of running, lifts and carries, and
54H. Harrison Clarke, Muscular Strength and Endurance in Man, 
op. cit., pp. 52-88.
■^Edward K. Capen, "The Effect of Systematic Weight Training 
on Power, Strength, and Endurance," Research Quarterly, 21:83-93, 1950.
28
gymnastics. He found that both groups improved significantly in mus­
cular endurance. There was, however, no significant difference between 
the groups.
56Berger studied the effect of varied weight training programs 
on muscular endurance. The subjects were freshman and sophomore stu­
dents in nine weight training classes at the University of Illinois.
The subjects trained three times a week for twelve weeks. Each class 
trained on the bench press lift with a different combination of one, 
two, or three sets for two, six, or ten repetitions. Endurance was 
measured by having subjects perform as many repetitions as possible 
with one-half maximum 1-RM bench press. He concluded that endurance 
increased significantly for all groups, but no group was significantly 
better than any other group.
DeLorme and Watkinsrecommended a 10-RM program for the 
development of strength. They also found that by decreasing the amount 
of weight used, in order to allow for more repetitions, muscular endur­
ance was developed.
58
Dennison found that using a standard weight training program
consisting of three sets with loads calculated on the subject's ability 
to perform a minimum of five and a maximum of ten repetitions per set
"^Richard A. Berger, "The Effect of Varied Weight Training 
Programs on Strength and Endurance," (Unpublished Doctoral disserta­
tion, University of Illinois, Urbana, 1960), pp. 68-72.
57DeLorme and Watkins, op. cit., pp. 55-71.
58
J. D. Dennison * M. L. Howell, and W. R. Morford, "Effect of 
Isometric and Isotonic Exercise Programs Upon Muscular Endurance," 
Research Quarterly, 32:384-352, 1961.
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significantly increased muscular endurance. Training was conducted 
twice weekly.
Harris^ compared three different methods of weight training 
on endurance. One group performed one set of eighteen to twenty repe­
titions in twenty-five seconds. The second group performed one set of 
eight to ten repetitions in twenty-five seconds. The third group per­
formed one set of four repetitions in twenty-five seconds. Results 
indicated all groups significantly increased in endurance although no 
group was significantly better than the others.
Two programs of weight training for the development of muscu-
60lar endurance were compared by Walters. Two groups trained twice a 
week for seven weeks on different weight training programs. Group A 
performed ten to twelve repetitions per set, and Group B performed 
twenty to twenty-two repetitions per set. The exercises were the curl 
and bench press. Endurance was measured by the number of repetitions 
a subject could perform with a forty-five pound barbell. The results 
indicated that both groups improved significantly in endurance and 
that Group A improved significantly over Group B. It was concluded 
that ten to twelve repetitions was more effective than twenty to 
twenty-two repetitions in improving muscular endurance.
^Michael W. Harris, "Comparison of Three Different Methods 
of Weight Training on Strength and Endurance," (Unpublished Master's 
thesis, Texas Technological College, Lubbock, 1965), pp. 30-31.
60b . R. Walters, "The Relative Effectiveness of High and Low 
Repetitions in Weight Training Exercises on Strength and Endurance of 
the Arms," (Unpublished Master's thesis, State University of Iowa,
Iowa City, 1949), 20 pp.
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It should be mentioned at this time that there are two types 
of muscular endurance scores, absolute and relative. Absolute muscular 
endurance is obtained by the number of repetitions that can be performed 
using the same load or weight for all subjects. Relative muscular 
endurance is obtained by the number of repetitions that can be per­
formed using a certain per cent of each subject's maximum strength.
All but one of the studies reviewed using progressive resistance exer­
cises for the development of muscular endurance reveal a relative 
endurance score.
Studies mentioning absolute or relative muscular endurance 
results are presented below.
Tuttle^ found in a study dealing with the relationship of 
maximum grip strength to grip strength endurance that the stronger 
individual can maintain less of his maximum strength for a one minute
62period than the individual with the weaker grip can maintain. Tuttle 
also found in another study dealing with maximum back and leg strength 
and endurance that the development of endurance is not directly pro­
portional to the development of maximum strength.
B e r g e r i n  a study concerning the relationship between 
dynamic strength and dynamic muscular endurance stated that the 1-RM
^W. W. Tuttle and C. D. Janney, "Relationship of Maximum 
Grip Strength to Grip Strength Endurance," Journal of Applied Physio­
logy. 2:663, 1950.
^2W. W. Tuttle and et. al., "Relation of Maximum Back and Leg 
Strength to Back and Leg Strength Endurance," Research Quarterly,
26:96, 1950.
^Richard A. Berger, "Relationship Between Strength and Mus­
cular Endurance," (Lubbock, Texas: Texas Technological College, 1965),
pp. 3-4. (Unpublished mimeographed study.)
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strength means of three groups tested differed greatly: 124.76, 154.47,
and 193.57 pounds. However, the mean endurance scores determined by the 
repetitions possible to perform using 1/2 of 1-RM of the three groups 
tested differed slightly: 30.66, 28.52, and 30.66 repetitions. He con­
cluded that stronger individuals will have greater absolute dynamic 
muscular endurance than a weaker individual if the load with which the 
repetitions are performed is the same for both and equal to 50 per cent 
of the 1-RM of either. He also concluded that strong individuals have 
less relative dynamic muscular endurance than weaker individuals 
although the difference is very slight.
B e r g e r ^ c o n d u c t e d  two other studies concerned with relative 
endurance using progressive resistance exercise. The first study showed 
that a relationship existed between maximum strength and muscular 
endurance but that this relationship tended to decrease as the load at 
which the repetitions were performed became less. The second study was 
a follow up to determine the changes in the relationship between maxi­
mum strength and endurance as the load at which endurance is measured 
varies. The endurance loads were .27, .37, .49, .59 and .69 proportions 
of the mean 1-RM for all subjects. He concluded that the greatest rela­
tive decrease in the relationships between the 1-RM curl and the number
64
Richard A. Berger, "Determination of a Method to Predict 
1-RM Chin and Dip from Repetitive Chins and Dips," Research Quarterly, 
38:330-335, 1967.
65
Richard A. Berger, "Relationships Between Maximum Dynamic 
Strength and Endurance as Determined with Loads of Various Proportions 
of Maximum Strength," (Lubbock, Texas: Texas Technological College),
pp. 2-5. (Unpublished mimeographed study.)
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of curls the subjects were able to perform occurred when the loads at 
which endurance was determined were between 48 to 58 per cent of the 
1-RM mean curl.
66
Clarke stated that muscular strength and muscular endurance 
are not the same, although they are related. Individuals with greatest 
muscular strength have greatest absolute endurance; however, stronger 
muscles tend to maintain a smaller proportion of maximum strength than 
do weaker muscles.
Summary
1. Muscular endurance can be developed by using as few as 
one or as many as three sets of isotonic exercises.
2. Muscular endurance can be developed by using any number 
of repetitions from 2-RM to 22-RM when performing a pro­
gressive resistance exercise.
3. Muscular endurance can be developed using progressive 
resistance exercise training programs two, three, four, 
or five days per week for six to twelve weeks.
4. Stronger individuals have greater absolute muscular endur­
ance than weaker individuals.
V. STUDIES RELATED TO INTERVAL TRAINING
A brief review of the interval training literature has been 
included because it is a form of work, with rest intervals between the
Harrison Clarke, Application of Measurement to Health 
and Physical Education, op. cit., p. 161.
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work periods. Interval training rather than progressive resistance 
exercise is generally associated with track and swimming.
Ganslen^ reported that investigators in Hungary and Poland 
experimented with interval training as early as 1933. He further stated 
that Fred Wilt of Indiana used this training program in the United 
States as early as 1943. Ganslen defined interval training as a train­
ing method whereby the runner executes specific distances in a speci­
fied time interval and then jogs around the track at a slower speed 
back to the starting point.
Doherty^ reported that the first athlete trained in the inter­
val training method was Rudolph Harbig, coached by Woldemar Gerschler. 
Gerschler and Reindell were credited with perfecting the system between 
1935 and 1940. Doherty defined interval training as a system of 
repeated efforts in which a distance of measured length is run on a 
track at a timed pace alternately with measured recovery periods of low 
activity. The length of recovery period is adjusted to the individual 
differences. When recovery is more rapid and effective, the amount of 
work is increased and greater development ensues. The length of the 
interval should permit only partial recovery and each recovery process 
over-compensates for the fatigue that preceded it; each process builds 
more structure through use than was previously evident. Doherty listed
^Richard V. Ganslen, "Scientific Training Technique and Mod­
ern Methods of Track and Field Skill Execution," (Unpublished paper 
presented at the American Association for the Advancement of Science, 
Dallas, Texas, December 27, 1968), p. 3. (mimeographed.)
68j. Kenneth Doherty, Modern Track and Field (Englewood 
Cliffs, New Jersey: Prentice-Hall, Inc., 1963), pp. 175-209.
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the values of interval training as: (1) accomplishing in less time,
in terms of total stress, what would require a much longer time
running at a slower pace; (2) permitting much more work at a faster
pace; and (3) allowing a gradual progression in measured work dosages. 
69Sprecher investigated interval training with 300 subjects 
during an actual track training program over a period of three weeks. 
Utilizing Gerschler's principles, Sprecher set up a training program 
designed to develop maximum cardiovascular fitness or endurance. 
According to Sprecher, it was believed that the primary stimulus 
for cardiovascular improvement occurs during the recovery phase.
Mortensen and Cooper^® stated that interval training helps 
develop stamina but does not develop conditioning for speed. Bresna- 
han, Tuttle, and Cretzmeyer^ stated that interval running consists of 
running repeated sectors interspersed with periods of jogging (the 
intervals) with careful consideration being given to the amount of 
time between the runs. Long rest periods between the running sectors 
would not be effective in developing endurance.
P. Sprecher, "Visit with Dr. Woldemar Gerschler," Interna­
tional d'Athletisme. translated by Brother G. Luke, F.S.C., in Track 
Technique. No. 9 (September, 1962), p. 282.
70Jesse P. Mortensen and John M. Cooper, Track and Field for 
Coach and Athlete (Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 
1959), p. 83.
^George W. Bresnahan, W. W. Tuttle, and Francis X. Cretzmeyer, 
Track and Field Athletics (St, Louis: C.V. Mosby Company, 1964), p. 20.
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Eastment reported that the interval is as important as the 
time of the effort. At the beginning of the season the runners are able 
to do only a few repeats and the interval between each effort is rela­
tively long. As the season progresses and the athletes become better 
conditioned, the number of repeats increases and the interval decreases. 
Eastment further stated that a good runner given five minutes rest
between each 220, could run them for hours.
73Counsilman indicated that interval training in swimming con­
sists of repeat efforts at a given distance with a controlled amount of 
rest between efforts. The rest interval is long enough to permit par­
tial, but not complete, recovery of the heart rate to normal. In inter­
val training the optimal stimulus for improvement of the cardiovascular 
system occurs during the interval of rest, at which time the volume of 
blood pumped by the heart per beat is at its greatest. Counsilman 
further revealed that there are slow and fast types of interval train­
ing. Slow interval training consists of swimming repeat swims slower 
than race speed with short rest periods. Fast interval training con­
sists of swimming repeat swims at a fast pace with longer rest intervals. 
An example of a slow interval method is thirty times fifty yard swims 
with a 10 second rest interval. This, theoretically, would develop 
cardiovascular reserve. A fast interval method would be thirty times 
fifty yard swims with a 40 second rest interval. This fast interval
^George T. Eastment, Championship Track and Field, edited by 
Tom Ecker (Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1961),
pp. 41-46.
^James E. Counsilman, The Science of Swimming (Englewood 
Cliffs, New Jersey: Prentice-Hall, Inc., 1968), pp. 214-215.
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method is considered beneficial for cardiac muscle and skeletal muscle 
and improves the effort of the performer.
Schultz^ conducted a study to determine the relative effec­
tiveness of six intensive training programs on the development of four 
selected skills. The training programs included weight training, 
direct practice, repetitive sprinting (interval training), and three 
combinations of the programs used. He concluded that direct practice, 
alone or combined with repetitive sprinting or weight training, was 
significantly superior to weight training alone on standing broad jump 
development and direct practice of zigzag run superior to both weight 
training and repetitive sprinting.
CONCLUSION
From the review of literature, it appears that many factors 
are involved in developing strength and muscular endurance by isotonic 
training methods. The number of sets, repetitions, and training days 
have been extensively covered. However, the length and placement of the 
rest period for optimum development have not been investigated and are 
not known. Therefore, this study was undertaken to study how the 
length and placement of selected rest periods affected the acquisition 
of strength and muscular endurance when performing a progressive resis­
tance exercise.
^Gordon W. Schultz, "Effects of Direct Practice, Repetitive 
Sprinting, and Weight Training on Selected Motor Performance Tests," 
Research Quarterly. 38:108-118, 1967.
CHAPTER III
PROCEDURE FOR THE STUDY
I. ANALYSIS OF FIRST SUB-PROBLEM 
One purpose of this study was to determine the short and long 
term differences of acquired strength among groups using nine 
progressive resistance exercise programs with various lengths and 
placements of rest periods.
Data Required
To investigate this problem, the data necessary were the 
initial, five week and ten week strength test scores for each group.
Sources of Data
This study was conducted at Texas Technological College, 
Lubbock, Texas during the spring semester, 1969. The 108 subjects 
used were male volunteers from fourteen sections of the Introduction to 
Physical Education service program course with no previous weight 
training experience. Subjects ranged from 18 to 28 years in age and 
from 115 to 250 pounds in weight. The subjects were randomly divided 
into nine experimental groups of twelve each. Each group used only one 
of the three rest periods with one of the three rest sequences. Each 
subject performed three sets, 10-RM per set, of the supine press on
37
38
the Universal Gym, two days per week, Monday and Wednesday or Tuesday 
and Thursday, for a ten week training period.
Rest Periods
The basis for the selection of the length of the rest periods 
used in this study was the following:
1. A traditional rest period should be included that was in 
general use in progressive resistance exercise programs.
2. Rest periods should be included that were not generally 
used in progressive resistance exercise programs.
Based on the above, rest periods of one minute, five-and- 
one-half minutes, and ten minutes in length were selected for use 
in this study. During the rest periods all subjects were required 
to remain in a sitting position on a bench in the training room.
Placement of Rest Periods
The basis for the selection of the placement of the three 
rest periods used in this study was the following:
1. Manzer's^ recommendation that work periods with rest 
intervals introduced at different times during the work 
program be investigated.
2. Traditional and non-traditional rest intervals should
be included in the progressive resistance exercise programs.
■^Charles W. Manzer, "An Experimental Investigation of Rest 
Pauses." Archives of Psychology. 90:84, 1927.
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Therefore, rest periods placed at the end of the first set 
only (S-R-SS), at the end of the second set only (SS-R-S), and at 
the end of the first and second sets (S-R-S-R-S), were selected for 
use in this study.
Selection of Subjects
It was believed that learning to perform the supine press 
could be one reason for a gain in strength. To insure that all sub­
jects had equal opportunity to learn to perform this lift, only sub­
jects with no previous weight training experience were selected for 
use in this study. This method of selection was based on advice by 
Berger.2
Number of Sets
On the basis of a study by Berger^ and from the information 
gathered from numerous athletic and weight training personnel, three 
sets of a progressive resistance exercise appeared to develop optimum 
strength. Therefore, it was decided for this study to use three sets 
of supine presses in the training program.
Number of Repetitions Per Set
There is considerable disagreement regarding the number of 
repetitions per set that should be used in performing exercises in a
2Personal Interview with Dr. Richard A. Berger, June 17, 1968.
^Richard A. Berger, "Effect of Varied Weight Training Programs 
on Strength," Research Quarterly. 33:168-181, 1962.
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progressive resistance exercise program. However, of the studies 
reviewed in the literature, the majority used ten repetitions in at 
least one set of their training programs. Murray and Karpovich^ 
stated:
the scientific study of weight training has started only 
recently. More investigation is needed. Meanwhile there is 
no choice but to follow rules set by an experienced person 
of your choice.
On the basis of ten repetitions being the most widely used method, it 
was decided for the purpose of this study to use ten repetitions each 
set. In order for some subjects to be able to perform ten repetitions 
per set, weight had to be deducted. To account for the weight changes, 
the amount of weight deducted was on an individual basis and was 
between ten and thirty pounds, depending on the length and placement 
of the rest the subject had between sets.
Number and Length of Training Days
The basis for the selection of the number of training days 
per week was the following:
1. As reviewed in the literature, a study by Berger indi­
cated that training two days a week produced a signifi­
cant improvement in strength and was just as effective as 
training three days a week.
^Jim Murray and Peter Karpovich, Weight Training in Athletics 
(Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1956), p. 38.
^Richard A. Berger, "Application of Research Findings in Pro­
gressive Resistance Exercise to Physical Therapy," Journal of Associa­
tion for Physical and Mental Rehabilitation, 16:200-203, 1962.
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2. The subjects used in this study had scheduled their physi­
cal education service classes at Texas Technological Col­
lege on Monday and Wednesday or Tuesday and Thursday; and
3. The Texas Technological College athletic trainer recom­
mended a two-day-a-week training session because many
athletic off-season weight training programs are conduc-
6
ted on a two-day-a-week basis.
The selection of a ten week training program with a strength 
test taken after five weeks was based on advice by Berger.^
Based on the above, this study used a two-day-a-week training 
period, Monday and Wednesday or Tuesday and Thursday, for ten weeks.
Description of Equipment
8Two Universal Gyms with padded benches were used for the 
training program. Stop watches were used to time the resting periods. 
In order to standardize the rate of performing the repetitions during 
training, a cadence was recorded and the commands were verbal consist­
ing of, "up, down, up, down, up, down,...." The command, "up," was 
given once every four seconds. When performing the repetitions with 
this tape the subjects would not rest between repetitions nor would 
they go faster than the cadence.
£
Personal interview with Donald Sparks, Athletic Trainer at 
Texas Technological College, Lubbock, Texas, June 18, 1965.
Personal interview with Dr. Richard A. Berger, June 17, 1968.
g
Universal Athletic Sales Company, 4707 E. Hedges Avenue, 
Fresno, California, 93703.
Orientation Period
All subjects were oriented regarding the purpose of the study, 
the training period, limitations during training, the lift used, and 
the period when the three sets were performed. Prior to the initial 
testing period, each subject participated in three pre-training per­
iods. The pre-training periods were held every other day and were used 
by the subjects to become familiar with performing the supine press. 
This pre-training period also permitted the determination of the sub- 
ject's approximate supine press 1-RM before the test.
Testing Periods
The initial test for strength was conducted during the fourth 
class meeting. The subject's 1-RM test score of the supine press lift 
was determined at this time. The supine press lift was performed with 
the subject in a supine position on the bench. The bar of the Univer­
sal Gym used in performing the supine press was grasped shoulder width 
apart, palms facing upward. The bar and weights were raised vertically 
until the arms were fully extended, then lowered to the chest-rest 
position. Previous training sessions in the lift prior to testing 
made the subjects cognizant of their strength ability. This reduced 
the frequency of trials to a minimum, usually three or four. Upon 
completion of a successful lift, the subject was given approximately 
two minutes rest before attempting another lift. If the load was 
lifted easily, ten pounds of weight were added to the next attempt.
If the load was difficult to raise, five pounds of weight were added
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to the next attempt. When the subject could not successfully perform 
the lift, his 1-RM test score was the highest weight that he had suc­
cessfully lifted. This method of determining a supine press strength 
score was reported by Berger^ to have a test-retest reliability coeffi­
cient of .97.
The five week and ten week tests for maximum strength were 
conducted the first class meeting following the fifth and tenth weeks 
of training, respectively. The initial procedure was used for each 
test. Scores from these tests were recorded on the subject's personal 
data card. A sample card may be found in Appendix A.
Training Programs
The following description of the training programs for each 
group is for one subject on one exercise day. Each subject performed 
his training program for ten weeks. The amount of weight that was added 
or deducted was the increase or decrease necessary for the majority of 
the subjects in the group to perform ten repetitions each set. Adding 
or deducting weight took five to ten seconds and was accomplished by 
moving a pin from one slot to another. As the subject gained strength 
and appeared to be able to do more than ten repetitions on any set, the 
load was increased on that set by ten pounds for the next training per­
iod. The subjects never performed more than ten repetitions per set.
As mentioned previously in the limitations, because of individual
Q
Richard A. Berger, "The Effect of Varied Weight Training 
Programs on Strength and Endurance," (Unpublished Doctoral Disserta­
tion, University of Illinois, Urbana, 1960), p. 37.
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differences it was impossible for the subject to always determine the 
load that could be lifted no more than ten repetitions every set.
Group JL. S-l-SS
After a one minute rest following completion of the first
set, the subject began the second set with a load ten pounds lighter
than the first set. Upon completion of the second set, the subject 
reduced the load thirty additional pounds and immediately began the 
third set.
Group _2. SS-l-S
Upon completion of the first set the subject reduced the 
load twenty pounds and immediately began the second set. After a one 
minute rest the subject began the third set with the same load as 
used the second set.
Group _3. S-l-S-l-S
After a one minute rest following completion of the first 
set, the subject began the second set with a load ten pounds lighter
than the first set. After a one minute rest the subject began the
third set with a load ten pounds lighter than used the second set.
Group 4_. S-5-1/2-SS
After five-and-one-half minutes rest following completion of 
the first set, the subject began the second set with the same load 
used the first set. Upon completion of the second set, the subject 
reduced the load twenty pounds and immediately began the third set.
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Group 5.. SS-5-1/2-S
Upon completion of the first set the subject reduced the 
load twenty pounds and immediately began the second set. After five- 
and-one-half minutes rest the subject began the third set with a load 
ten pounds heavier than was used the second set.
Group 6. S-5-1/2-S-5-1/2-S
After five-and-one-half minutes rest following the completion 
of the first set, the subject began the second set with the same load 
used the first set. After five-and-one-half minutes rest the subject 
began the third set with a load ten pounds lighter than the second set.
Group 1_. S-10-SS
After ten minutes rest following completion of the first set, 
the subject began the second set with the .same load as used the first 
set. Upon completion of the second set, the subject reduced the load 
twenty pounds and immediately began the third set.
Group j}. SS-10-S
Upon completion of the first set the subject reduced the 
load twenty pounds and immediately began the second set. After ten
minutes rest the subject began the third set with the same load used
the first set.
Group 9_. S—10—S—10—S
The subject in this group used the same load for all three 
sets. The subject began the first set, rested ten minutes, began the
second set, rested ten minutes and began the third set.
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Analysis of Data
Three mean strength test scores for each group were used in 
analyzing the data. The initial mean strength score for each group 
was determined before the ten week training program began. A five 
week mean strength score was determined for each group at the end of 
five weeks of training and a ten week mean strength score was deter­
mined for each group at the end of the ten week training period. The 
mean strength gain for each group and each combination of groups at 
the end of the fifth and tenth week of training was determined by 
taking the difference between the group's initial mean strength score 
and the group's five and ten week mean strength score, respectively.
The mean strength gain for each group between five and ten weeks of 
training was determined by taking the difference between the group's 
five week mean strength score and the group's ten week mean strength 
score.
The data were analyzed by. utilizing the t-test to establish 
the significance of the groups' mean gains in strength from the initial 
test to the test administered at the end of five weeks of training, 
between the five and ten week tests, and from the initial test to the 
test administered at the end of ten weeks of training.
In order to determine whether to use analysis of variance or 
covariance, the Pearson Product Moment method of correlation was 
employed utilizing initial scores and gains. As a result of these cor­
relations, two three by three factorial analyses of covariance were 
computed to determine significant strength differences, if any, that
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existed between groups at the end of the fifth week of training and 
at the end of ten weeks of training. These analyses enabled the 
investigator to determine the main effects of level A, which was the 
comparison of the length of the three rest periods and the main 
effects of level B, which was the placement of the rest periods. The 
interaction between the length of the rest periods and the placement 
of the rest periods was also analyzed.
All computations were made on the IBM 360 computer located 
at the Texas Technological College computer center.
II. ANALYSIS OF SECOND SUB-PROBLEM
The second purpose of this study was to determine the short 
and long term differences of acquired muscular endurance among groups 
using nine progressive resistance exercise programs with various 
lengths and placement of rest periods.
Data Required
To investigate this problem, the data necessary were the 
initial, five week and ten week muscular endurance test scores for 
each group.
Sources of Data
The source of data for determining mean muscular endur­
ance gains were the same as the source of data for the first sub­
problem. The procedure used for determining this was based on the 
need to keep the rest periods, rest intervals, procedure during rest, 
selection of subjects, number of sets, number of repetitions maximum
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per set, number and length of training days, and the equipment identi­
cal with that used in the first sub-problem. The only difference 
between the first and second sub-problems was the test used to gather 
the data.
Testing Periods
The initial test for muscular endurance was conducted during 
the fifth class meeting. The test score for muscular endurance was 
the number of supine press repetitions the subject was able to perform 
using fifty percent of the subject’s initial 1-RM strength test score. 
The supine press lift was performed with the subject in a supine posi­
tion on the bench. The bar of the Universal Gym used in performing 
the supine press was grasped shoulder width apart, palms facing 
upward, and elbows lower than shoulder height. On the command, "up," 
the subject raised the load until the arms were fully extended. On 
the command, "down," the subject lowered the load until the elbows 
were lower than shoulder height. The subject performed the repetitions 
rhythmically, thirty per minute, until he could no longer raise the 
load through the complete range of motion or until he was one full 
count behind the recorded cadence.
For this test, a tape recorded cadence of sixty counts 
(thirty repetitions per minute) was used to standardize the rate of 
repetitions for all subjects. Verbal commands consisting of "up, 
down, up, down, ..." were used. The command "up" was given once every 
two seconds and the command "down" once every other two seconds.
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The justification for using this muscular endurance test were
10 11 12 based on studies by Berger, Harris, McCraw and Burnham, and
13
Clarke. These studies indicated that a valid and reliable test of 
muscular endurance was one in which the subject used a load equal to 
fifty per cent of the maximum strength of the muscles being tested with 
a cadence of thirty repetitions per minute.
The five week test for muscular endurance was conducted 
exactly as the initial test for muscular endurance. The test was con­
ducted during the second class meeting following the fifth week of 
training.
The ten week test for muscular endurance was conducted exactly 
as the initial and five week test for muscular endurance. The test was 
conducted during the second class meeting following the tenth week of 
training.
Training Programs
To enable this investigator to determine muscular endurance 
improvement as well as strength improvement, the same subjects in the
^Richard A. Berger, "The Effect of Varied Weight Training 
Programs on Strength and Endurance" (Unpublished Doctoral Disserta­
tion, University of Illinois, Urbana, 1960), p. 37.
^^Michael Harris, "Comparison of Three Different Methods of 
Weight Training on Strength and Endurance," (Unpublished Master's 
thesis, Texas Technological College, Lubbock, 1965), p. 20.
12
Lynn W. McCraw and Stan Burnham, "Resistive Exercises in 
Development of Muscular Strength and Endurance," Research Quarterly, 
37:79-88, 1966.
13H. Harrison Clarke, Muscular Strength and Endurance in Man 
(Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1966), pp. 74-76.
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same training programs, as explained in detail in the analysis of the 
first sub-problem, were used. This procedure made possible the collec­
tion of data on two variables without having to conduct two studies.
Analysis of Data
Three mean muscular endurance test scores for each group were 
used in analyzing the data. The initial mean muscular endurance score 
for each group was determined before the ten week training program 
began. The five week mean muscular endurance score for each group was 
determined at the end of the fifth week of training and a ten week 
mean muscular endurance score for each group was determined at the end 
of ten weeks of training. The mean muscular endurance gain for each 
group and each combination of groups at the end of the fifth and tenth 
week of training was determined by taking the difference between the 
group's initial mean muscular endurance score and the group's five and 
ten week mean muscular endurance score, respectively. The mean muscu­
lar endurance gain for each group between five and ten weeks of train­
ing was determined by taking the difference between the group's five 
week mean muscular endurance score and the group's ten week muscular 
endurance score.
The data were analyzed by utilizing the _t-test to establish 
the significance of the groups' mean gains in muscular endurance from 
the initial test to the test administered at the end of five weeks of 
training, between the five and ten week tests, and from the initial 
test to the test administered at the end of ten weeks of training.
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Two three by three factoral analyses of covariance were com­
puted to determine significant muscular endurance differences, if any, 
that existed between groups at the end of the fifth week of training 
and at the end of ten weeks of training.
III. PILOT STUDY
The purpose of the pilot study was to develop and evaluate 
the procedures that were used in the main study.
The subjects were twenty-seven male college students divided 
into nine experimental groups. The training program was ten weeks in 
length. The groups methods and training programs were identical to those 
mentioned previously on pages 38-50.
At the beginning, at the end of five weeks and at the end of 
the ten week training period, all subjects were tested for strength in 
the supine press. All three tests were conducted identically to those 
mentioned previously on pages 42-43.
At the beginning, at the end of five weeks, and at the end of 
the ten week training period, all subjects were tested for muscular 
endurance in the supine press. All three tests were conducted identically 
to those mentioned previously on pages 48-49 with two exceptions. In 
the pilot study, five week muscular endurance score was determined with 
the subjects performing repetitions using a load equal to fifty per cent 
of their fifth week 1-RM score. In the pilot study, the tenth week 
muscular endurance score was determined with the subjects performing 
repetitions using a load equal to fifty per cent of their tenth week
1-RM score. From the muscular endurance tests the subjects in the main 
study would perform their repetitions with a load equal to fifty per 
cent of their initial 1-RM scores.
The main findings of the pilot study were:
1. The length and placement of the rest period made no 
significant difference on the acquisition of strength.
2. The length of the rest period made no significant dif­
ference but the placement of the rest period made a 
significant difference on the acquisition of muscular 
endurance.
A. Performing a training program for five weeks using
a set, a rest period, and two sets (S-R-SS) was 
significantly better than performing: (1) two sets,
a rest period, and a set (SS-R-S); or (2) a set, a 
rest period, a set, a rest period and a set (S-R-S-R-S).
B. Performing a training program for ten weeks using a 
set, a rest period, and two sets (S-R-SS) was signif­
icantly better than performing two sets, a rest per­
iod and a set (SS-R-S).
C. No significant difference existed at the end of ten
weeks of training between the set, rest, two sets
(S-R-SS) training program and the set, rest, set, rest,
set (S-R-S-R-S) training program.
CHAPTER IV
PRESENTATION AND ANALYSIS OF DATA
I . INTRODUCTION 
The data in this study consisted of initial, five week and 
ten week test scores for strength and muscular endurance.
The first statistical technique used to analyze the data of 
this study was the _t-test utilizing the difference method^- in order 
to determine the significance of the mean gain for each group in 
strength and muscular endurance.
The second statistical technique used to analyze the data was 
an analysis of covariance. To establish whether to use analysis of 
variance or covariance, coefficients of correlation were computed 
between initial scores and gains. If a relatively high (± .50 or 
above) relationship existed, this meant that the final score values 
were considerably affected by the initial score. Since the strength 
and muscular endurance correlations were found to be .62 and .59, 
respectively, analysis of covariance was the statistical tool used to 
equate the groups in the treatment of data.
■^Henry R. Garrett, Statistics in Psychology and Education 
(fifth edition; New York: David McKay Company, Inc., 1962), p. 227.
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On the basis of the correlation results, analyses of covar­
iance utilizing three by three factorial designs were computed using:
1. Initial and five weeks strength test scores.
2. Initial and ten weeks strength test scores.
3. Initial and five weeks muscular endurance test scores.
4. Initial and ten weeks muscular endurance test scores.
This statistical design was used to determine whether there
were significant differences in strength and muscular endurance gains 
at the end of five and ten weeks of training among the groups. The A 
level indicated whether significant differences existed as a result 
of the length of the rest periods. The B level indicated whether sig­
nificant differences existed as a result of the placement of the rest
periods. This design also indicated if interaction was present 
between levels A and B. If no interaction was present, it meant that 
the difference between the rest periods was uniform at each of the 
three rest intervals.
II. ANALYSIS OF STRENGTH DATA
The significance of the mean gains in strength was determined 
by computing t_-tests to compare initial and five week test scores, 
initial and ten weeks test scores, and five week and ten week test 
scores for each group and each combination of groups. In each compar­
ison, the difference method was utilized because the same test was 
administered to the same subjects.
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Comparison of Initial and Ten Week Strength Test Scores
The t-ratios resulting from the comparison of the initial and 
ten week strength scores for each group and combination of groups may 
be found in Tables II and III. All were significant at the .01 level. 
Since the lowest _t was above the ratio needed at the .01 level of 
probability, it may be stated that performing three sets of supine 
presses on the Universal Gym, 10-RM for each set, using a rest period 
of either one, five-and-one-half, or ten minutes and a rest interval 
at either the end of the first set only (S-R-SS), the end of the sec­
ond set only (SS-R-S), or at the end of the first and second sets 
(S-R-S-R-S), resulted in significant gains in strength after ten weeks 
of training.
Comparison of Initial and Five Week Strength Test Scores
The _t-ratios resulting from the comparison of the initial and 
five week strength scores for each group and combination of groups may 
be found in Tables IV and V. All were significant at the .01 level. 
Since the lowest _t was above the ratio needed at the .01 level of 
probability, it was found that performing three sets of supine presses 
on the Universal Gym, 10-RM for each set, using a rest period of either 
one, five-and-one-half, or ten minutes and a rest interval at either 
the end of the first set only (S-R-SS), the end of the second set only 
(SS-R-S), or the end of the first and second sets (S-R-S-R-S), resulted 
in significant gains in strength after five weeks of training.
TABLE IT
SIGNIFICANCE OF MEAN GAINS AT THE END OF TEN WEEKS OF TRAINING FOR THE 108
COLLEGE MEN IN THE NINE EXPERIMENTAL GROUPS PERFORMING
THE TESTS FOR STRENGTH IN THE SUPINE PRESS
Group N
Initial
Mean
in
Pounds
Ten Week 
Mean 
in 
Pounds
Mean
Gains
SE
of
Difference t. P
Group I 
(S-l-SS)
12 149.58 170.00 20.42 1.90 10.75 .01
Group II 
(SS-l-S)
12 162.50 175.83 13.33 3.04 4.38 .01
Group III 
(S-l-S-l-S)
12 155.00 178.33 23.33 1.26 18.52 .01
Group IV 
(S-5-1/2-SS)
12 163.75 184.17 20.42 2.50 8.17 .01
Group V 
(SS-5-1/2-S)
12 145.42 167.50 22.08 2.35 9.40 .01
Group VI 
(S-5-1/2-S-5-1/2-S)
12 151.25 178.33 27.08 1.90 14.25 .01
Group VII 
(S-10-SS)
12 158.75 186.25 27.50 4.71 5.84 .01
Group VIII 
(SS-10-S)
12 150.00 175.00 25.00 2.82 8.87 .01
Group IX 
(S-10-S-10-S)
12 138.75 162.97 24.17 3.36 7.19 .01
_t needed at .05 level = 2.20; needed at .01 level = 3.11 
1, 5-1/2, 10 = minutes rest 
S = set Ui
o\
TABLE III
SIGNIFICANCE OF MEAN GAINS AT THE END OF TEN WEEKS OF TRAINING IN ACCORDANCE WITH LENGTH
AND PLACEMENT OF THE REST PERIODS OF THE 108 COLLEGE MEN IN THE NINE EXPERIMENTAL
GROUPS PERFORMING THE TESTS FOR STRENGTH IN THE SUPINE PRESS
Length of Rest 
Placement of Rest N
Initial
Mean
in
Pounds
Ten Week 
Mean 
in 
Pounds
Mean
Gains
SE
of
Difference _t P
1 minute 
(Groups 1,2,3)
36 155.69 174.72 19.03 2.02 9.47 .01
5-1/2 minutes 
(Groups 4,5,6)
36 153.47 176.67 23.19 2.01 11.54 .01
10 minutes 
(Groups 7,8,9)
36 149.17 174.72 25.25 2.10 12.16 .01
S-R-SS
(Groups 1,4,7)
36 157.36 180.14 22.78 1.92 11.86 .01
SS-R-S
(Groups 2,5,8)
36 152.64 172.73 20.14 2.37 8.50 .01
S-R-S-R-S 
(Groups 3,6,9)
36 148.33 173.19 24.86 1.91 13.02 .01
J: needed at .05 level == 2.03; jt needed at .01 level = 2.72
1, 5-1/2, 10 = minutes rest
S = set
R = rest u-“s.
TABLE IV
SIGNIFICANCE OF MEAN GAINS AT THE END OF FIVE WEEKS OF TRAINING FOR THE 108
COLLEGE MEN IN THE NINE EXPERIMENTAL GROUPS PERFORMING
THE TESTS FOR STRENGTH IN THE SUPINE PRESS
Group N
Initial
Mean
in
Pounds
Five Week 
Mean 
in 
Pounds
Mean
Gains
SE
of
Difference t P
GROUP I 
(S-l-SS)
12 149.58 163.33 13.75 2.05 6.71 .01
Group II 
(SS-l-S)
12 162.50 172.50 10.00 1.95 5.13 .01
Group III 
(S-l-S-l-S)
12 155.00 171.67 16.67 2.98 5.59 .01
Group IV 
(S-5-1/2-SS)
12 163.75 177.50 13.75 1.76 7.81 .01
Group V 
(SS-5-1/2-S)
12 145.42 161.25 15.83 2.06 7.68 .01
Group VI 12 151.25 168.33 17.08 1.46 11.70 .01
Group VII 
(S-10-SS)
12 158.75 175.42 16.67 3.16 5.28 .01
Group VIII 
(SS-10-S)
12 150.00 166.25 16.25 2.96 5.49 .01
Group IX 
(S-10-S-10-S)
12 138.75 156.25 17.50 2.72 6.43 .01
t needed at .05 level = 2.20; t needed at .01 level = 3.11
1, 5-1/2, 10 = minutes rest 
S = set
Ui
GO
TABLE V
SIGNIFICANCE OF MEAN GAINS AT THE END OF FIVE WEEKS OF TRAINING IN ACCORDANCE WITH LENGTH
AND PLACEMENT OF THE REST PERIODS OF THE 108 COLLEGE MEN IN THE NINE EXPERIMENTAL
GROUPS PERFORMING THE TESTS FOR STRENGTH IN THE SUPINE PRESS
Length of Rest 
Placement of Rest N
Initial
Mean
in
Pounds
Five Week 
Mean 
in 
Pounds
Mean
Gains
SE
of
Difference _t P
1 minute 
(Groups 1,2,3)
36 155.69 169.17 13.48 1.93 6.98 .01
5-1/2 minutes 
(Groups 4,5,6)
36 153.47 169.03 15.56 1.15 13.53 .01
10 minutes 
(Groups 7,8,9)
36 149.17 165.97 16.80 1.67 10.06 .01
S-R-SS
(Groups 1,4,7)
36 157.36 172.08 14.72 .98 15.02 .01
SS-R-SS 
(Groups 2,5,8)
36 152.64 166.67 14.03 2.02 6.95 .01
S-R-S-R-S 
(Groups 3,6,9)
36 148.33 165.42 17.09 1.48 11.55 .01
t needed at .05 level = 2.03; t needed at .01 level = 2.72
1, 5-1/2, 10 = minutes rest 
S = set 
R = rest
Uivo
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Comparison of Five Week and Ten Week Strength Test Scores
To determine if a significant gain in strength was made by 
each group and combination of groups between the end of five weeks of 
training and the end of ten weeks of training, t-tests utilizing five 
week and ten week strength scores were computed. The fr-ratios result­
ing from the comparison of the five week and ten week strength scores 
for each group and combination of groups may be found in Tables VI and 
VII. All were significant at or above the .05 level of probability. 
Since the lowest _t was above the ratio needed at the .05 level of 
probability, it was found that after five weeks of training, training 
for an additional five weeks by performing three sets of supine presses 
on the Universal Gym, 10-EM each set, using a rest period of either 
one, five-and-one-half, or ten minutes and a rest interval at either 
the end of the first set only (S-R-SS), at the end of the second set 
only (SS-R-S), or at the end of the first and second sets (S-R-S-R-S), 
resulted in significant strength gains.
Analysis of Covariance for Strength at the End of Five Weeks Training 
At the end of five weeks of training, the F-test results of 
levels A, B, and interaction A X B of the analysis of covariance fac­
torial design for strength in the supine press were not significant 
(See Table VIII). The F-ratios indicated that no significant differ­
ence in strength gains among groups were produced at the end of five 
weeks of training by performing three sets of supine presses with a 
rest period of either one, five-and-one-half, or ten minutes and a rest 
interval at either the end of the first set only (S-R-SS), the end of
TABLE VI
SIGNIFICANCE OF MEAN GAINS BETWEEN FIVE WEEKS AND TEN WEEKS OF TRAINING FOR
THE 108 COLLEGE MEN IN THE NINE EXPERIMENTAL GROUPS PERFORMING
THE TESTS FOR STRENGTH IN THE.SUPINE PRESS
Group N
Five Week 
Mean 
in 
Pounds
Ten Week 
Mean 
in 
Pounds
Mean
Gains
SE
of
Difference _t P
Group I 
(S-l-SS)
12 163.33 170.00 6.67 1.28 5.21 .01
Group II 
(SS-l-S)
12 172.50 175.83 3.33 1.47 2.27 .05
Group III 
(S-l-S-l-S)
12 171.67 178.33 6.67 2.16 3.08 .05
Group IV 
(S-5-1/2-SS)
12 177.50 184.17 6.67 1.88 3.55 .01
Group V 
(SS-5-1/2-S)
12 161.25 167.50 6.25 2.40 2.60 .05
Group VI 
(S-5-1/2-S-5-1/2-S)
12 168.33 178.33 10.00 1.74 5.75 .01
Group VII 
(S-10-SS)
12 175.42 186.25 10.83 1.93 5.61 .01
Group VIII 
(SS-10-S)
12 166.25 175.00 8.75 2.47 3.54 .01
Group IX 
(S-10-S-10-S)
12 156.25 162.92 6.67 1.55 4.30 .01
t needed at .05 level = 2.20; t needed at .01 level = 3.11
1, 5-1/2, 10 = minutes rest 
S = set
ON
M
TABLE VII
SIGNIFICANCE OF MEAN GAINS BETWEEN FIVE AND TEN WEEKS OF TRAINING IN ACCORDANCE WITH LENGTH
AND PLACEMENT OF THE REST PERIODS OF THE 108 COLLEGE MEN IN THE NINE EXPERIMENTAL
GROUPS PERFORMING THE TESTS FOR STRENGTH IN THE SUPINE PRESS
Length of Rest 
Placement of Rest N
Five Week 
Mean 
in 
Pounds
Ten Week 
Mean 
in 
Pounds
Mean
Gains
SE
of
Difference jt P
1 minute 
(Groups 1,2,3)
36 169.17 174.72 5.55 1.12 4.96 .01
5-1/2 minutes 
(Groups 4,5,6)
36 169.03 176.67 7.64 1.05 7.28 .01
10 minutes 
(Groups 7,8,9)
36 165.97 174.72 8.75 1.20 7.30 .01
S-R-SS
(Groups 1,4,7)
36 172.08 180.14 8.06 .85 9.48 .01
SS-R-S
(Groups 2,5,8)
36 166.67 172.73 6.06 1.57 3.86 .01
S-R-S-R-S 
(Groups 3,6,9)
36 165.42 173.19 7.77 1.11 7.00 .01
t needed at .05 level = 2.03; t needed at .01 level = 2.72
1, 5-1/2, 10 = minutes rest 
S = set
„ ON
R = rest to
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TABLE VIII
ANALYSIS OF COVARIANCE ON STRENGTH GAINS MADE IN THE 
SUPINE PRESS BY 108 COLLEGE MEN IN THE NINE 
EXPERIMENTAL GROUPS AFTER FIVE 
WEEKS OF TRAINING
Source of 
Variation
Adjusted
SS
Mean 
DF Square F-Ratio P
A 195.26 2 97.63 1.32 N.S.
B 176.18 2 88.09 1.19 N.S.
A X B 152.80 4 38.20 .52 N.S.
Error 7235.34 99 73.83
Total 7759.58 107
For 2/99 df, F needed at .05 = 3.09, at .01 = 4.82;
for 4/99 df, F needed at .05 =» 2.46, at .01 = 3.51
A = Effects of 1, 5-1/2, 10 minutes rest periods
B = Effects of rest intervals at the end of first set only 
(S-R-SS), at the end of second set only (SS-R-S), at the end of first 
and second sets (S-R-S-R-S)
A X B = Interaction between A and B
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the second set only (SS-R-S), or the end of the first and second sets 
(S-R-S-R-S). Also, no interaction was present. The result of the 
analysis of covariance for strength at the end of five weeks training 
were in agreement with the results obtained in the pilot study.
Analysis of Covariance for Strength at the End of Ten Weeks Training
At the end of ten weeks training, the F-test results of levels 
A, B, and interaction A X B of the analysis of covariance factorial 
design for strength in the supine press were not significant (See Table 
IX). The F-ratios indicated that no significant difference in strength 
gains among groups were produced at the end of ten weeks of training by 
performing three sets of supine presses, 10-RM each set, with a rest 
period of either one, five-and-one-half, or ten minutes and a rest inter­
val at either the end of the first set only (S-R-SS), the end of the 
second set only (SS-R-S), or the end of the first and second set 
(S-R-S-R-S). Also no interaction was present. The result of the 
analysis of covariance for strength at the end of ten weeks training 
were in agreement with the results obtained in the pilot study.
III. ANALYSIS OF MUSCULAR ENDURANCE DATA
The significance of the mean gains in muscular endurance was 
determined by computing _t-tests to compare initial and five week test 
scores, initial and ten week test scores, and five week and ten week 
test scores for each group. In each comparison, the difference method 
was used.
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TABLE IX
ANALYSIS OF COVARIANCE ON STRENGTH GAINS MADE 
IN THE SUPINE PRESS BY 108 COLLEGE MEN 
IN THE NINE EXPERIMENTAL GROUPS 
AFTER TEN WEEKS OF TRAINING
Source of 
Variation
Adjusted
SS DF
Mean
Square F-Ratio P
A 533.83 2 266.92 1.23 N.S.
B 318.10 2 159.05 .73 N.S.
A X B 700.97 4 175.24 .81 N.S.
Error 21275.07 99 217.09
Total 22827.97 107 818.30
For 2/99 df, F needed at .05 = 3.09, at .01 = 4.82; 
for 4/99 df, F needed at .05 = 2.46, at .01 = 3.51
A = Effects of 1, 5-1/2, 10 minutes rest periods
B = Effects of rest intervals at the end of first set only 
(S-R-SS), at the end of second set only (SS-R-S), at the end of first 
and second sets (S-R-S-R-S)
A X B = Interaction between A and B
66
Comparison of Initial and Ten-Week Muscular Endurance Test Scores 
The t-ratios resulting from the comparison of the initial 
and ten-week muscular endurance scores for each group and combination 
of groups may be found in Tables X and XI. All were significant at 
the .01 level. Since the lowest t^ was above the ratio needed at 
the .01 level of probability, it was found that performing three sets 
of supine press on the Universal Gym, 10-RM for each set, using a 
rest period of either one minute, five-and-one-half minutes, or ten 
minutes and a rest interval at either the end of the first set only 
(S-R-SS), or at the end of the second set only (SS-R-S), or at the end 
of the first and second sets (S-R-S-R-S), resulted in significant gains 
in muscular endurance after ten weeks of training.
Comparison of Initial and Five-Week Muscular Endurance Test Scores 
The t-ratios resulting from the comparison of the initial 
and five-week muscular endurance test scores for each group and combin­
ation of groups may be found in Tables XII and XIII. All were signif­
icant at the .01 level. Since the lowest was above the ratio needed 
at the .01 level of probability, it was found that performing three sets 
of supine presses on the Universal Gym, 10-RM for each set, using a 
rest period of either one, five-and-one-half, or ten minutes and a 
rest interval at either the end of the first set only (S-R-SS), the 
end of the second set only (SS-R-S), or the end of the first and second 
sets (S-R-S-R-S), resulted in significant gains in muscular endurance 
after five weeks of training.
TABLE X
SIGNIFICANCE OF MEAN GAINS AT THE END OF TEN WEEKS OF TRAINING FOR THE 108
COLLEGE MEN IN THE NINE EXPERIMENTAL GROUPS PERFORMING THE
TESTS FOR MUSCULAR ENDURANCE IN THE SUPINE PRESS
Group N
Initial
Mean
in
Repetitions
Ten Week 
Mean 
in
Repetitions
Mean
Gains
SE
of
Difference _t P
Group I 
(S-l-SS)
12 30.25 39.17 8.92 3.63 8.50 .01
Group II 
(SS-l-S)
12 29.92 37.83 7.91 1.30 6.08 .01
Group III 
(S-l-S-l-S)
12 30.75 43.58 12.83 1.97 6.51 .01
Group IV 
(S-5-1/2-SS)
12 28.25 37.42 9.17 1.65 5.56 .01
Group V 
(SS-5-1/2-S)
12 31.17 40.00 8.83 1.49 5.93 .01
Group VI 
(S-5-1/2-S-5-1/2-S)
12 30.67 38.83 8.16 1.25 6.53 .01
Group VII 
(S-10-SS)
12 31.00 38.92 7.92 1.47 5.39 .01
Group VIII 
(SS-10-S)
12 30.92 40.33 9.41 .84 11.20 .01
Group IX 
(S-10-S-10-S)
12 30.42 40.00 9.58 1.31 7.31 .01
t needed at .05 level = 2.20; t needed at .01 level = 3.11
1, 5-1/2, 10 = minutes rest
TABLE XI.
SIGNIFICANCE OF MEAN GAINS AT THE END OF TEN WEEKS OF TRAINING IN ACCORDANCE WITH LENGTH
AND PLACEMENT OF THE REST PERIODS OF THE 108 COLLEGE MEN IN THE NINE EXPERIMENTAL
GROUPS PERFORMING THE TESTS FOR MUSCULAR ENDURANCE IN THE SUPINE PRESS
Length of Rest 
Placement of Rest N
Initial
Mean
in
Repetitions
Ten Week 
Mean 
in
Repetitions
Mean
Gains
SE
of
Difference _t P
1 minute 
(Groups 1,2,3)
36 30.31 40.19 9.88 .91 10.86 .01
5-1/2 minutes 
(Groups 4,5,6)
36 30.03 38.75 8.72 .83 10.51 .01
10 minutes 
(Groups 7,8,9)
36 30.78 39.75 8.97 .71 12.63 .01
S-R-SS
(Groups 1,4,7)
36 29.83 38.50 8.67 .81 10.70 .01
SS-R-S
(Groups 2,5,8)
36 30.67 39.39 8.72 .70 12.46 .01
S-R-S-R-S 
(Groups 3,6,9)
36 30.61 40.80 10.19 .90 11.32 .01
t needed at .05 level = 2.03; t needed at .01 level = 2.72
1, 5-1/2, 10 = minutes rest 
S = set 
R = rest
O N
00
TABLE XII
SIGNIFICANCE OF THE MEAN GAINS AT THE END OF FIVE WEEKS TRAINING FOR THE
108 COLLEGE MEN IN THE NINE EXPERIMENTAL GROUPS PERFORMING THE
TESTS FOR MUSCULAR ENDURANCE IN THE SUPINE.PRESS
Group N
Initial
Mean
in
Repetitions
Five Week 
Mean 
in
Repetitions
Mean
Gains
SE
of
Difference t P
Group I 
(S-l-SS)
12 30.25 36.50 6.25 1.19 5.25 .01
Group II 
(SS-l-S)
12 29.92 35.50 5.58 1.30 4.29 .01
Group III 
(S-l-S-l-S)
12 30.75 40.08 9.33 1.75 5.33 .01
Group IV 
(S-5-1/2-SS)
12 28.25 35.33 7.08 1.01 7.01 .01
Group V 
(SS-5-1/2-S)
12 31.17 38.25 7.08
CMOO• 8.63 .01
Group VI 
(S-5-1/2-S-5-1/2-S)
12 30.67 37.75 7.08 .66 10.73 .01
Group VII 
(S-10-SS)
12 31.00 37.25 6.25 1.09 5.73 .01
Group VIII 
(SS-10-S)
12 30.92 39.08 8.16 .83 9.83 .01
Group IX 
(S-10-S-10-S)
12 30.42 38.42 8.00 .89 8.99 .01
t needed at .05 level = 2.20; t needed at .01 level = 3.11
1, 5-1/2, 10 = minutes rest
TABLE XIII
SIGNIFICANCE OF MEAN GAINS AT THE END OF FIVE WEEKS OF TRAINING IN ACCORDANCE WITH LENGTH
AND PLACEMENT OF THE REST PERIODS OF THE 108 COLLEGE MEN IN THE NINE EXPERIMENTAL
GROUPS PERFORMING THE TESTS FOR MUSCULAR ENDURANCE IN THE SUPINE PRESS
Length of Rest 
Placement of Rest N
Initial
Mean
in
Repetitions
Five Week 
Mean 
in
Repetitions
Mean
Gains
SE
of
Difference _t P
1 minute 
(Groups 1,2,3)
36 30.31 37.36 7.05 .86 8.20 .01
5-1/2 minutes 
(Groups 4,5,6)
36 30.03 36.97 6.94 .48 14.46 .01
10 minutes 
(Groups 6,7,8)
36 30.78 38.25 7.47 .55 13.58 .01
S-R-SS
(Groups 1,4,7)
36 29.83 36.22 6.39 .63 10.14 .01
SS-R-S
(Groups 2,5,8)
36 30.67 37.61 6.94 .60 11.57 .01
S-R-S-R-S 
(Groups 3,6,9)
36 30.61 38.75 8.14 .69 11.80 .01
t needed at .05 level = 2.03; t needed at .01 level = 2.72
1, 5-1/2, 10 = minutes rest 
S = set 
R = rest
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Comparison of Five Week and Ten Week Muscular Endurance Test Scores 
To determine if a significant gain in muscular endurance was 
made by each group and combination of groups between the end of five 
weeks of training and the end of ten weeks of training, t.-tests util­
izing five week and ten week muscular endurance scores were computed. 
The _t-ratios resulting from the comparisons for Groups I (S-l-SS),
II (SS-l-S), III (S-l-S-l-S), IV (S-5-1/2-SS), and IX (S-10-S-10-S) 
were significant at or above the .05 level of probability. See Table 
XIV. The _t-ratios resulting from the comparison of the combination 
of groups were significant at or above the .05 level of probability.
From the results of the _t-tests, (Table XIV), it was found 
that after five weeks of training, training for an additional five 
weeks by performing three sets of supine presses on the Universal Gym, 
10-RM each set, resulted in significant muscular endurance gains when 
a training program was any one of the following:
1. Set, one minute rest, two sets (S-l-SS).
2. Two sets, one minute rest, set (SS-l-S).
3. Set, one minute rest, set, one minute rest, set
(S-l-S-l-S).
4. Set, five-and-one-half minutes rest, two sets (S-5-1/2-SS).
5. Set,, ten minutes rest, set, ten minutes rest, set
(S-10-S-10-S).
It was also found that no significant muscular endurance gain 
between five and ten weeks of training occurred as a result of perform­
ing any of the following training programs:
TABLE XIV
SIGNIFICANCE OF MEAN GAINS BETWEEN FIVE AND TEN WEEKS OF TRAINING FOR 
THE 108 COLLEGE MEN IN THE NINE EXPERIMENTAL GROUPS PERFORMING 
THE TESTS FOR MUSCULAR ENDURANCE IN THE SUPINE PRESS
Group N
Five Week 
Mean 
in 
Pounds
Ten Week 
Mean 
in 
Pounds
Mean
Gain
SE
of
Difference _t P
Group I 12 36.50 39.17 2.67 1.05 2.54 .05
(S-l-SS)
Group II 12 35.50 37.83 2.33 .55 4.40 .01
(SS-l-S)
Group III 12 40.08 43.58 3.50 1.01 3.47 .01
(S-l-S-l-S)
Group IV 12 35.33 37.42 2.50 1.03 2.43 .05
(S-5-1/2-SS)
Group V 12 38.25 40.00 1.75 .91 1.92 N.S.
(SS-5-1/2-S)
Group VI 12 37.75 38.83 1.08 1.12 .96 N.S.
(S-5-1/2-S-5-1/2-S)
Group VII 12 37.25 38.92 1.67 .99 1.69 N.S.
(S-10-SS)
Group VIII 12 39.08 40.33 1.25 .98 1.28 N.S.
(SS-10-S)
Group IX 12 38.42 40.00 1.58 .60 2.63 .05
(S-10-S-10-S)
_t needed at .05 level == 2.20; t needed at .01 level = 3.11
1, 5-1/2, 10 = minutes rest
S = set to
TABLE XV
SIGNIFICANCE OF MEAN GAINS BETWEEN FIVE AND TEN WEEKS OF TRAINING IN ACCORDANCE WITH LENGTH 
PLACEMENT OF THE REST PERIODS OF THE 108 COLLEGE MEN IN THE NINE EXPERIMENTAL GROUPS 
PERFORMING THE TESTS FOR MUSCULAR ENDURANCE IN THE SUPINE PRESS
Length of Rest 
Placement of Rest N
Five Week 
Mean 
in
Repetitions
Ten Week 
Mean 
in
Repetitions
Mean
Gains
SE
of
Difference _t P
1 minute 
(Groups 1,2,3)
36 37.36 40.19 2.83 .60 8.08 .01
5-1/2 minutes 
(Groups 4,5,6)
36 36.97 38.75 1.78 .29 6.14 .01
10 minutes 
(Groups 7,8,9)
36 38.25 39.75 1.50 .28 5.36 .01
S-R-SS
(Groups 1,4,7)
36 36.22 38.50 2.28 .31 7.35 .01
SS-R-S
(Groups 2,5,8)
36 37.61 39.39 1.78 .31 5.74 .01
S-R-S-R-S 
(Groups 3,6,9)
36 38.75 40.80 2.05 .73 2.81 .05
_t needed at .05 level = 2.03; jt needed at .01 level = 2.72 
1, 5-1/2, 10 = minutes rest
S = set 
R = rest
u>
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1. Two sets, five-and-one-half minutes rest, set (SS-5-1/2-S).
2. Set, five-and-one-half minutes rest, set, five-and-one- 
half minutes rest, set (S-5-1/2-S-5-1/2-S).
3. Set, ten minutes rest, two sets (S-10-SS).
4. Two sets, ten minutes rest, set (SS-10-S).
Analysis of Covariance for Muscular Endurance at the End of Five 
Weeks Training
At the end of five weeks training, the F-test results of 
levels A, B, and interaction A X B of the analysis of covariance fac­
torial design for muscular endurance in the supine press were not 
significant (See Table XVI). The F-ratios indicated that no signif­
icant differences in muscular endurance gains among groups were pro­
duced at the end of five weeks of training by performing three sets of 
supine presses with a rest period of either one, five-and-one-half, or 
ten minutes and a rest interval at either the end of the first set 
only (S-R-SS), at the end of the second set only (SS-R-S), or at the 
end of the first and second sets (S-R-S-R-S). Also, no interaction 
was present.
The above results were not in agreement with the results 
obtained in the pilot study. The results obtained in the pilot study 
indicated that significantly greater muscular endurance gains at the 
end of five weeks of training were achieved by those groups using a 
set, rest, two sets (S-R-SS), training program over those groups per­
forming two sets, rest, set (SS-R-S), or a set, rest, set, rest, set 
(S-R-S-R-S) training program.
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TABLE XVI
ANALYSIS OF COVARIANCE ON MUSCULAR ENDURANCE GAINS 
MADE IN THE SUPINE PRESS BY 108 COLLEGE 
MEN IN THE NINE EXPERIMENTAL GROUPS 
AFTER FIVE WEEKS OF TRAINING
Source of 
Variation
Adjusted 
SS DF
Mean
Square F-ratio P
A 5.13 2 2.57 .18 N.S.
B 56.13 2 28.07 1.92 N.S.
A X B 66.78 4 16.70 1.14 N.S.
Error 1435.15 99 14.64
Total 1563.19 107
For 2/99 df, F needed at .05 = 3.09, at .01 = 4.82; for 4/99 df,
F needed at .05 = 2.46, at .01 = 3.51
A = Effects of 1, 5-1/2, 10 minutes rest periods
B = Effects of rest intervals at the end of first set only
(S-R-SS), end of second set only (SS-R-S), at the end of the first and 
second sets (S-R-S-R-S)
A X B s Interaction between A and B
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Analysis of Covariance for Muscular Endurance at the End of Ten Weeks 
Training
At the end of ten weeks training, the F-test results of 
levels A, B, and interaction A X B of the analysis of covariance fac­
torial design for muscular endurance in the supine press were not sig­
nificant (See Table XVII). The F-ratios indicated that no significant 
differences in muscular endurance gains among groups were produced at 
the end of ten weeks of training by performing three sets of supine 
presses with a rest period of either one, five-and-one-half, or ten 
minutes and a rest interval at either the end of the first set only 
(S-R-SS), or at the end of the second set only (SS-R-S), or at the 
end of the first and second sets (S-R-S-R-S). Also, no interaction 
was present.
The above results were not in agreement with the results 
obtained in the pilot study. The results obtained in the pilot study 
indicated that significantly greater muscular endurance gains at the 
end of ten weeks of training were achieved by those groups using a 
set, rest, two sets (S-R-SS) and a set, rest, set, rest, set (S-R-S-R-S) 
training program over those groups using two sets, rest, set (SS-R-S) 
training program.
IV. DISCUSSION OF ANALYSIS
As indicated by this study, strength and muscular endurance 
gains at the end of five and ten weeks of a ten-week progressive resis­
tance exercise training program were possible when the length and
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TABLE XVII
ANALYSIS OF COVARIANCE ON MUSCULAR ENDURANCE GAINS 
MADE IN THE SUPINE PRESS BY 108 COLLEGE MEN 
IN THE NINE EXPERIMENTAL GROUPS AFTER 
TEN WEEKS OF TRAINING
Source of 
Variation
Adjusted
SS DF
Mean
Square F-Ratio P
A 21.35 2 10.68 .44 N.S.
B 53.93 2 26.97 1.12 N.S.
A X B 142.32 4 35.58 1.48 N.S.
Error 2355.46 99 24.04
Total 2573.06 107 97.27
For 2/99 df, F needed at .05 = 3.09, at .01 = 4.82; for 4/99 
df, F needed at .05 = 2.46, at .01 = 3.51
A = Effects of 1, 5-1/2, 10 minute rest period
B = Effects of rest interval at the end of first set only 
(S-R-SS), at the end of the second set only (SS-R-S), at the end of 
first and second sets (S-R-S-R-S)
A X B = Interaction between A and B
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placement of the rest periods were controlled. When considering the 
length of the training program, the number of sets and the number of 
repetitions per set, there was agreement with the results of this and 
previous studies.
The nonsignificant strength differences among groups may 
give the impression that the length and placement of the rest periods 
when performing two or more progressive resistance exercises in a 
training program would have the same effect as performing only one 
exercise in the training program as done in this study. However, 
this must be supported by future research.
The question: VWhat progressive resistance exercise program 
develops muscular endurance in the shortest period of time?" may 
have been partially answered by this study. The significant muscular 
endurance gains by Groups I (S-l-SS), II (SS-l-S), III (S-l-S-l-S),
IV (S-5-1/2-SS), and IX (S-10-S-10-S) between the fifth and tenth week 
of training seem to indicate that these groups continued to improve 
in muscular endurance beyond the fifth week of training whereas 
Groups V (SS-5-1/2-S), VI (S-5-1/2-S-5-1/2-S), VII (S-10-SS), and VIII 
(SS-10-S) did not. It was noted that with the exception of Group V 
(SS-5-1/2-S), the rest period for Groups VI (S-5-1/2-S-5-1/2-S), VII 
(S-10-SS), and VIII (SS-10-S) were each a total of ten minutes.
The lack of a significant muscular endurance difference among 
groups at the end of five and ten weeks of training was a significant 
finding in itself. The belief that the shorter the rest period between 
exercise, the greater the muscular endurance gain was not supported 
by this study. It appears that factors other than the length of the rest
period determine the progressive resistance exercise training 
program that best develops muscular endurance. However, additional 
research in this area is needed.
CHAPTER V
SUMMARY, FINDINGS, CONCLUSIONS AND RECOMMENDATION
I. SUMMARY
It was the purpose of this study to determine the short and 
long term effects of varying the length and placement of rest periods 
during training sessions over a ten week training period using a selec­
ted progressive resistance exercise affects the acquisition of strength 
and the acquisition of muscular endurance.
The subjects for this study were 108 male volunteers 
enrolled in fourteen sections of the Introduction to Physical Educa­
tion Service program course during the 1969 spring semester at Texas 
Technological College. The subjects had no previous weight training 
experience and ranged from 18 to 28 years in age and from 115 to 250 
pounds in weight. The subjects were randomly divided into nine train­
ing groups of twelve subjects each. All groups performed three sets, 
10-RM each set, of the supine press, two days a week for ten weeks.
The only differences in the training programs were the length and/or 
placement of the rest periods between a set or sets. The length of 
the rest period was either one, five-and-one-half or ten minutes.
The placement of the rest period was either at the end of the first 
set only (S-R-SS), at the end of the second set only (SS-R-S), or at 
the end of the first and second sets (S-R-S-R-S). Group I, trained
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with a S-l-SS* program; Group II, trained with a SS-l-S program;
Group III, trained with a S-l-S-l-S program; Group IV, trained with 
a S-5-1/2-SS* program; Group V, trained with a SS-5-1/2-S program;
Group VI, trained with a S-5-1/2-S-5-1/2-S program; Group VII, trained 
with a S-10-SS program; Group VIII, trained with a SS-10-S* program; 
and Group IX, trained with a S-10-S-10-S program.
At the beginning of the experiment, all subjects were tested 
for strength and muscular endurance in the supine press on the Univer­
sal Gym. The 1-RM was used as the test for strength and a load equal 
to one-half the initial 1-RM, thirty repetitions per minute, was used 
as the test for muscular endurance. At the end of five and at the 
end of ten weeks of training, all subjects were retested in an effort 
to determine whether or not significant changes occurred in strength 
and muscular endurance as a result of the different training programs.
The significance of the mean gain for each group in strength 
and muscular endurance at the end of five, and at the end of ten and 
between five and ten weeks of training was determined with the formula 
for the comparison of correlated means. Four analyses of covariance, 
each utilizing a three by three factorial design were used to deter­
mine whether significant differences in strength and muscular endurance 
at the end of five and ten weeks of training existed among groups as 
a result of the different training programs.
*S refers to set, and 1, 5-1/2, 10 refers to the length of 
the rest period in minutes.
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The hypotheses tested in this study were:
Hypothesis 1. The mean strength gains would be significantly greater 
when the length of the rest period between sets was 
increased.
Hypothesis 2. The mean muscular endurance gains would be signifi­
cantly greater when the length of the rest period 
between sets was decreased.
Hypothesis 3. No significantly different mean strength or muscular 
endurance gains would occur when the sequence of the 
rest periods between sets was changed.
II. FINDINGS
The findings of this study were as follows:
1. All nine groups made significant strength gains at or 
above the .05 level of probability between initial and 
five, initial and ten, and between five and ten weeks 
of training.
2. When the groups were combined in accordance with the 
length of the rest period or the placement of the rest 
period, all six combinations showed significant strength 
gains at the .01 level of probability between initial and 
five, initial and ten, and between the fifth and tenth 
week of training.
3. When the groups were compared, no significant strength 
differences were found among groups due to the length 
and/or placement of the rest periods in the training pro­
gram. Also, no interaction between the length of the rest 
periods and the placement of the rest periods was found.
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4. All nine groups made significant muscular endurance gains 
at the .01 level of probability between initial and five
and initial and ten weeks of training.
5. Groups training with: (1) a one minute rest placed at any 
of the three rest intervals (S-l-SS, SS-l-S, S-l-S-l-S); 
or (2) a five-and-one-half minute rest placed at the end 
of the first set only (S-5-1/2-SS); or (3) a ten minute 
rest placed at the end of the first and second sets 
(S-10-S-10-S) made significant muscular endurance gains
at or above the .05 level between five and ten weeks of 
training.
6. When the groups were combined in accordance with the 
length of the rest period and the placement of the rest 
period all combinations showed significant muscular 
endurance gains at or above the .05 level of probability 
between initial and five, initial and ten, and between 
the fifth and tenth week of training.
7. When the groups were compared, no significant muscular 
endurance differences were found among groups due to the 
length and/or placement of the rest periods in the train­
ing program, also, no interaction between the length of 
the rest periods and the placement of the rest periods 
was found.
CONCLUSIONS
The findings from the data provided by this study warrant the 
following conclusions:
Significant gains in strength at the end of five and at the 
end of ten weeks of a ten week training program were 
realized by performing three sets of a progressive resist­
ance exercise with various lengths and/or placements 
of the rest period.
No apparent advantage of one training program over another 
resulted by varying the length of the rest period on the 
acquisition of strength. Therefore, the first hypothesis 
that the mean strength gains would be significantly 
greater when the length of the rest period between sets 
was increased was not substantiated by the study.
Significant gains in muscular endurance at the end of 
five and at the end of ten weeks of a ten week training 
program were realized by performing three sets of a 
progressive resistance exercise with various lengths and/or 
placements of the rest period.
No apparent advantage of one training program over 
another resulted by varying the legnth of the rest period 
on the acquisition of muscular endurance. Therefore, the 
second hypothesis that the mean muscular endurance gains 
would be significantly greater when the length of the 
rest period between sets was decreased was not substant­
iated by the study.
No apparent advantage of one training program over 
another resulted by varying the placement of the rest 
period on the acquisition of strength or muscular endurance.
Therefore, the third hypothesis that significantly 
different mean strength and/or muscular endurance gains 
would occur when the sequence of the rest periods 
between sets was changed was not substantiated by the 
study.
IV. RECOMMENDATIONS
The following recommendations for future consideration are made:
1. There is a need in the area of progressive resistance 
exercise to determine the effect the length of the rest 
period has on strength and muscular endurance when the 
work load for each set remains the same for all subjects.
2. Research is needed to determine how the length and/or 
placement of the rest period affects strength and muscu­
lar endurance improvement when two or more exercises are 
used in the training program.
3. Investigation is needed to determine how different per­
sonality traits and/or nutritional consumptions affects 
strength and muscular endurance gains when performing a 
progressive resistance exercise.
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APPENDIX A 
SUBJECT'S PERSONAL DATA SHEET
Group__________________
Name_______________________________________________________
Ht.__________  Wt.   A g e _______ Class
T1 T2 T3 T1T2 T2T3
Weight Weight Weight Gain Gain
1-RM ______  ______  ______  ____  ____
Reps Reps Reps
1/2-1/RM ______  ______  ______  ____  ____
T T 
1 3
Gain
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APPENDIX B
AGE, HEIGHT, WEIGHT, CLASS, INITIAL, FIVE AND TEN WEEK STRENGTH
AND MUSCULAR ENDURANCE SCORES FOR GROUP I (S-l-SS)
Sub.i ect Age Ht. Wt. Class
Strength Scores Muscular Endurance Scores
Five 
Initial Week
Ten
Week Initial
Five
Week
Ten
Week
1 23 70" 146 Jr. 175 195 200 31 41 41
2 20 68" 133 So. 135 160 165 29 40 48
3 20 73" 182 Jr. 160 175 180 31 37 38
4 19 72" 155 So. 155 170 180 30 31 38
5 19 71" 145 Fr. 145 160 160 33 47 44
6 19 73" 175 So. 140 150 165 28 33 36
7 20 74" 190 Jr. 170 185 185 33 33 42
8 19 74" 142 So. 120 115 125 26 35 35
9 20 59" 163 So. 170 185 195 26 30 33
10 18 70" 145 Fr. 135 150 155 38 42 42
11 19 65" 160 Fr. 150 160 170 31 35 38
12 21 73" 164 Jr. 140 155 160 27 34 35
Mean of Scores 149.58 163.33 170.00 30.25 36.50 39.17
Weight recorded in pounds 
Strength scores recorded in pounds
Muscular endurance scores recorded in repetitions performed with one-half initial
strength score
APPENDIX C
AGE, HEIGHT, WEIGHT, CLASS, INITIAL, FIVE AND TEN WEEK STRENGTH
AND MUSCULAR ENDURANCE SCORES FOR GROUP II (S5-1-S)
Strength Scores Muscular Endurance Scores
Five Ten Five Ten
Subject Age Ht. Wt. Class Initial Week Week Initial Week Week
1 20 72" 186 Jr.. 150 155 160 34 41 40
2 19 72" 156 So. 140 155 155 35 49 54
3 18 69" 170 Fr. 210 210 205 31 33 35
4 19 73" 165 So. 130 135 130 23 26 28
5 18 70" 172 Fr. 130 145 155 32 39 40
6 18 70" 160 Fr. 150 170 175 27 31 34
7 20 72" 195 So. 190 195 200 26 29 31
8 18 70" 150 Fr. 125 130 135 27 42 42
9 22 69" 160 Sr. 145 165 165 27 31 33
10 18 73" .1.80 Fr. 170 180 200 32 35 40
11 21 68" 155 Jr. 170 175 175 35 38 40
12 18 69" 223 Fr. 240 255 255 30 32 37
Mean of Scores 162.50 172.50 175.83 29.92 35.50 37.83
Weight recorded in pounds 
Strength scores recorded in pounds
Muscular endurance scores recorded in repetitions performed with one-half initial
strength score
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APPENDIX D
AGE, HEIGHT, WEIGHT, CLASS, INITIAL, FIVE AND TEN WEEK STRENGTH
AND MUSCULAR ENDURANCE SCORES FOR GROUP III (S-l-S-l-S)
Subject Age Ht. Wt. Class
Strength Scores Muscular Endurance Scores
Initial
Five
Week
Ten
Week Initial
Five
Week
Ten
Week
1 19 77" 208 So. 225 235 235 21 22 23
2 19 75" 170 So. 165 190 190 23 32 33
3 21 70" 164 So. 130 160 170 31 48 51
4 28 72" 175 Sr. 155 170 175 35 39 41
5 21 69" 155 Sr. 175 185 190 32 36 40
6 20 81" 195 Jr. 140 150 165 33 43 45
7 21 75" 177 Sr. 140 180 200 27 38 39
8 19 67" 130 Fr. 120 130 145 40 55 61
9 21 70" 150 Sr. 185 205 205 35 37 50
10 19 70" 132 Fr. 120 125 120 33 53 58
11 22 67" 150 Sr. 170 185 195 28 35 35
12 19 67" 137 Fr. 135 145 150 31 43 47
Mean of Scores 155.00 171.67 178.33 30.75 40.08 43.58
Weight recorded in pounds
Strength scores recorded in pounds
Muscular endurance scores recorded in repetitions performed with one-half initial strength
score.
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APPENDIX E
AGE, HEIGHT, WEIGHT, CLASS, INITIAL, FIVE AND TEN WEEK STRENGTH
AND MUSCULAR ENDURANCE SCORES FOR GROUP IV (S-5-1/2-SS)
Subject Age Ht. Wt. Class
Strength Scores Muscular Endurance Scores
Initial
Five
Week
Ten
Week Initial
Five
Week
Ten
Week
1 19 69" 132 Fr. 125 150 160 31 42 52
2 19 68" 170 Fr. 185 205 205 25 31 31
3 20 72" 161 So. 165 180 195 26 36 40
4 22 74" 160 So. 165 180 190 28 35 37
5 24 71" 171 So. 140 155 160 24 34 40
6 22 73" 165 Jr. 220 235 235 28 28 33
7 19 70" 149 So. 170 180 190 30 33 31
8 18 72" 167 Fr. 140 150 160 27 34 37
9 20 72" 243 Jr. 245 250 245 25 30 27
10 19 73" 150 Fr. 120 140 140 40 50 50
11 20 71" 140 Jr. 140 150 165 27 36 38
12 24 71" 170 Sr. 150 155 165 27 30 33
Mean of Scores 163.75 177.50 184.17 28.25 34.92 37.42
Weight recorded in pounds 
Strength scores recorded in pounds
Muscular endurance scores recorded in repetitions performed with one-half initial strength
score
V O
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APPENDIX F
AGE, HEIGHT, WEIGHT, CLASS, INITIAL, FIVE AND TEN WEEK STRENGTH
AND MUSCULAR ENDURANCE SCORES FOR GROUP V (SS-5-1/2-S)
Subj ect Age Ht. Wt. Class
Strength Scores Muscular Endurance Scores
Initial
Five
Week
Ten
Week Initial
Five
Week
Ten
Week
1 18 72" 169 Fr. 140 160 160 38 45 44
2 18 74" 170 Fr. 145 165 165 33 44 44
3 19 71" 160 So. 140 150 150 30 37 37
4 22 71” 180 Sr. 150 175 175 32 41 44
5 21 70" 131 Jr. 155 165 170 34 37 37
6 20 69" 142 So. 125 130 140 35 40 45
7 20 73" 221 Fr. 175 205 205 28 36 36
8 19 72" 156 Fr. 135 150 175 31 37 37
9 20 74" 165 Fr. 140 155 155 32 36 36
10 22 72" 176 Sr. 155 170 175 25 34 37
11 18 71" 150 Fr. 125 135 150 27 39 49
12 19 68" 160 So. 160 175 190 29 33 34
Mean of Scores 145.42 161.25 167.50 31.17 38.25 40.00
Weight recorded in pounds 
Strength scores recorded in pounds
Muscular endurance scores recorded in repetitions performed with one-half initial
strength score
VO
APPENDIX G
AGE, HEIGHT, WEIGHT, CLASS, INITIAL, FIVE AND TEN WEEK STRENGTH AND
MUSCULAR ENDURANCE SCORES FOR GROUP VI (S-5-1/2-S-5-1/2-S)
Subject Age Ht. Wt. Class
Strength Scores Muscular Endurance Scores
Initial
Five
Week
Ten
Week Initial
Five
Week
Ten
Week
1 24 72" 207 Jr. 180 205 215 26 35 34
2 21 66" 115 So. 165 160 180 33 39 50
3 20 70" 150 So. 160 180 195 32 37 37
4 21 68" 160 Fr. 135 155 160 34 37 41
5 20 72" 178 So. 170 190 205 31 36 36
6 18 71" 154 Fr. 135 150 160 33 41 41
7 18 72" 178 Sr. 170 190 200 33 41 37
8 18 72" 146 Fr. 105 125 125 32 42 43
9 18 70" 145 Fr. 150 170 170 30 37 35
10 19 72" 177 So. 155 170 180 31 37 36
11 20 64" 160 Fr. 145 160 175 29 36 36
12 21 71" 165 Jr. 145 165 175 24 35 40
Mean of Scores 151.25 168.33 178.33 30.67 37.75 38.83
Weight recorded in pounds
Strength scores recorded in pounds
Muscular endurance scores recorded in repetitions performed with one-half initial
strength score
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APPENDIX H
AGE, HEIGHT, WEIGHT, CLASS, INITIAL, FIVE AND TEN WEEK STRENGTH
AND MUSCULAR ENDURANCE SCORES FOR GROUP VII (S-10-SS)
Strength Scores Muscular Endurance Scores
Five Ten Five Ten
Subject Age Ht. Wt. Class Initial Week Week Initial Week Week
1 22 72" 180 Jr. 160 185 195 31 33 31
2 20 72" 183 So. 170 170 175 30 35 35
3 20 74" 195 Jr. 160 185 195 31 42 42
4 19 74" 157 So. 120 140 150 30 42 45
5 21 72" 209 Sr. 225 265 295 28 33 39
6 20 70" 160 Jr. 100 115 120 34 44 46
7 18 70" 166 Fr. 175 185 195 29 36 32
8 19 68" 171 Fr. 200 215 220 39 39 39
9 19 70" 161 Fr. 140 160 170 34 43 45
10 18 68" 135 Fr. 120 135 150 31 37 45
11 19 67" 153 Fr. 165 180 190 28 30 35
12 18 71" 169 Fr. 170 170 180 27 33 33
Mean of Scores 158.75 175.42 186.25 31.00 37.25 38.92
Weight recorded in pounds
Strength scores recorded in pounds
Muscular endurance scores recorded in repetitions performed with one-half initial
strength score
V O
V O
APPENDIX I
AGE, HEIGHT, WEIGHT, CLASS, INITIAL, FIVE AND TEN WEEK STRENGTH AND
MUSCULAR ENDURANCE SCORES FOR GROUP VIII (SS-10-S)
Subject Age Ht. Wt. Class
Strength Scores Muscular Endurance Scores
Five
Initial Week
Ten
Week Initial
Five
Week
Ten
Week
1 22 69" 185 Sr. 160 170 180 31 40 45
2 18 69" 163 Fr. 145 150 160 29 41 36
3 20 74" 185 Jr. 140 180 180 29 36 43
4 18 73" 166 Fr. 180 205 220 28 35 33
5 21 68" 155 Jr. 150 170 175 29 35 37
6 19 73" 183 So. 145 150 180 33 39 41
7 18 72" 171 Fr. 155 175 185 31 34 39
8 21 70" 161 Jr. 140 150 165 37 46 46
9 18 73" 162 Fr. 135 150 150 31 39 39
10 27 76" 169 Sr. 160 165 170 35 46 48
11 20 67" 120 So. 130 150 150 28 35 36
12 20 70" 180 So. 160 180 185 30 43 41
Mean of Scores 150.00 166.25 175.00 30.72 39.08 40.3:
Weight recorded in pounds 
Strength scores recorded in pounds
Muscular endurance scores recorded in pounds performed with one-half initial
strength score 100
APPENDIX J
AGE, HEIGHT, WEIGHT, GLASS, INITIAL, FIVE AND TEN WEEK STRENGTH AND
MUSCULAR ENDURANCE SCORES FOR GROUP IX (S-10-S-10-S)
Subject Age Ht. Wt. Class
Strength Scores Muscular Endurance Scores
Initial
Five
Week
Ten
Week Initial
Five
Week
Ten
Week
1 22 73" 145 So. 120 135 135 34 44 46
2 20 72" 180 Jr. 130 155 165 32 41 44
3 18 69" 149 Fr. 150 165 170 25 32 33
4 21 72" 190 So. 150 165 170. 31 37 37
5 19 70" 150 So. 160 165 165 29 36 36
6 19 71" 250 Fr. 150 180 185 25 36 40
7 19 71" 138 Fr. 105 140 155 34 48 54
8 19 72" 135 Fr. 135 160 160 33 38 38
9 21 72" 148 So. 135 150 160 26 38 37
10 18 68" 175 Fr. 180 185 200 27 32 33
11 21 72" 156 Jr. 140 150 155 30 36 36
12 20 70" 132 So. 110 125 135 39 43 46
Mean of Scores 138.75 156.25 162.92 30.42 38.42 40.00
Weight recorded in pounds 
Strength scores recorded in pounds
Muscular endurance scores recorded in repetitions performed with one-half initial strength
score.
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APPENDIX K
INITIAL, FIVE AND TEN WEEK MEAN STRENGTH AND MUSCULAR 
ENDURANCE SCORES FOR THE THREE REST PERIODS 
AND THE THREE REST INTERVALS
Length 
of Rest Mean Strength Scores
Mean Muscular 
Endurance Scores
Placement 
of Rest Initial
Five
Week
Ten
Week Initial
Five
Week
Ten
Week
1 minute 
(Groups 1,2,3)
155.69 169.17 174.72 30.31 37.36 40.19
5-1/2 minutes 
(Groups A,5,6)
153.47 169.03 176.67 30.03 36.97 38.75
10 minutes 
(Groups 7,8,9)
149.17 165.97 174.72 30.78 38.25 39.75
S-R-SS
(Groups 1,4,7)
157.36 172.08 180.14 29.83 36.22 38.50
SS-R-S
(Groups 2,5,8)
152.64 166.67 172.73 30.67 37.61 39.39
S-R-S-R-S 
(Groups 3,6,9)
148.33 165.42 173.19 30.61 38.75 40.80
Strength scores recorded in pounds
Muscular endurance scores recorded in repetitions performed 
with one-half initial strength score
S = set
R = Rest
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